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T h i s   i n v e n t i o n   r e l a t e s   to   n o v e l   humatn  t u m o r  

n e c r o s i s   f a c t o r   ( h e r e i n a f t e r   r e f e r r e d   to   as  TNF)  p o l y -  

p e p t i d e   m u t a n t s ,   a  p r o c e s s   f o r   p r o d u c t i o n   t h e r e o f ,   a n d  

DNAs  e n c o d i n g   t h e s e   m u t a n t s  

TNF  i s   a  p h y s i o l o g i c a l l y   a c t i v e   s u b s t a n c e   d i s -  

c o v e r e d   by  C a r s w e l l   e t   a l .   in  1975  t P r o c .   N a t l .   A c a d .  

S c i . ,   USA,  72,   3 6 6 6   ( 1 9 7 5 ) 1 .   I t   i s   c h a r a c t e r i z e d   b y  

s h o w i n g   s t r o n g   c y t o t o x i c   a c t i v i t y   a g a i n s t   t u m o r   c e l l s   i n  

v i t r o   and  n e c r o t i z i n g   a  t r a n s p l a n t e d   t u m o r   in  v i v o   IL.  J .  

O ld ,   C a n c e r   R e s . ,   41 ,   361  ( 1 9 8 1 ) 1 .  

In  1984  to   1 9 8 5 ,   DNAs  e n c o d i n g   r a b b i t ,   human  a n d  

mouse  TNFs  were   i s o l a t e d   [ E u r o p e a n   P a t e n t   P u b l i c a t i o n   N o .  

1 4 6 0 2 6 ,   E u r o p e a n   P a t e n t   P u b l i c a t i o n   No.  1 5 5 5 4 9 ,   E u r o p e a n  

P a t e n t   P u b l i c a t i o n   No.  1 5 8 2 8 6   and  F r a n s e n   e t   a l . ,   N u c l e i c  

A c i d s   R e s . ,   13,   4417   ( 1 9 8 5 ) ] ,   and  t h e   e n t i r e   p r i m a r y  

s t r u c t u r e s   of  t h e i r   TNF  p o l y p e p t i d e s   w e r e   e l u c i d a t e d .  

I s o l a t i o n   of  DNAs  e n c o d i n g   TNFs,   p a r t i c u l a r l y  

DNA  e n c o d i n g   human  TNF,  e n a b l e d   human  TNF  to   be  p r o d u c e d  

in  m i c r o o r g a n i s m s   by  g e n e t i c   e n g i n e e r i n g   t e c h n i q u e s ,   a n d  

v a r i o u s   p r o p e r t i e s   of   human  TNF  w e r e   s t u d i e d   in  g r e a t e r  

d e t a i l .   T h e s e   s t u d i e s   l e d   to   t h e   d e t e r m i n a t i o n   t h a t   h u m a n  

TNF  has   s t r o n g   c y t o t o x i c   a c t i v i t y   in  v i t r o   and  a n t i t u m o r  

a c t i v i t y   in  v i v o   fD.  P e n n i c a   e t   a l . ,   N a t u r e ,   3 1 2 ,   7 2 4  

( 1 9 8 4 ) ;   T.  S h i r a i   e t   a l . .   N a t u r e ,   3 1 3 ,   803  ( 1 9 8 5 ) ;   and  H .  

Yamada  e t   a l . ,   J .   B i o t e c h n o l o g y ,   3_,  141  ( 1 9 8 5 ) 1   .  
S t u d i e s   on  t h e   m u t a t i o n   of  human  TNF  p o l y -  

p e p t i d e s   have   a l s o   b e e n   u n d e r t a k e n ,   and  s e v e r a l   p a t e n t s  

have   b e e n   p u b l i s h e d   (PCT  I n t e r n a t i o n a l   P a t e n t   P u b l i c a t i o n  

No.  W O 8 6 / 0 2 3 8 1 ,   PCT  I n t e r n a t i o n a l   P a t e n t   P u b l i c a t i o n   N o .  

W O 8 6 / 0 4 6 0 6 ,   E u r o p e a n   P a t e n t   P u b l i c a t i o n   No.  1 6 8 2 1 4 ,  

E u r o p e a n   P a t e n t   P u b l i c a t i o n   No.  1 5 5 5 4 9   w h i c h   c o r r e s p o n d s  

to  U.  S.  P a t e n t   A p p l i c a t i o n   S e r i a l   No.  7 0 8 8 4 6 ,   a n d  

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  4 8 6 3 2 / 1 9 8 7 )   .  The  f i r s t  

t h r e e   p a t e n t s   m e r e l y   r e f e r   to   t h e   m u t a t i o n   of  human  TNF 
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p o l y p e p t i d e   c o m p o s e d   of  157  a m i n o   a c i d s   or   g i v e   a  d i s -  
c l o s u r e   of  s p e c i f i c   m u t a t i o n s .   The  r e m a i n i n g   two  p a t e n t s  
d i s c l o s e   or   r e f e r   to   t h e   m u t a t i o n   of   human  TNF  p o l y p e p t i d e  
c o m p o s e d   of  155  a m i n o   a c i d s .   The  human  TNF  p o l y p e p t i d e  

5  m u t a n t s   of  t h e   p r e s e n t   i n v e n t i o n ,   h o w e v e r ,   d i f f e r   in   a m i n o  
a c i d   s e q u e n c e   f r o m   t h e   m u t a n t s   s p e c i f i c a l l y   d i s c l o s e d   i n  
t h e s e   p a t e n t s .  

The  p r e s e n t   i n v e n t o r s   a c t u a l l y   m u t a t e d   a m i n o  
a c i d ( s )   in  t h e   a m i n o   a c i d   s e q u e n c e   of  human  TNF  p o l y -  

10  p e p t i d e   c o m p o s e d   of   155  a m i n o   a c i d   r e s i d u e s   and   p o l y -  
p e p t i d e s   r e s u l t i n g   f r o m   d e l e t i o n   o f   a m i n o   a c i d ( s )   b e g i n -  
n i n g   w i t h   t h e   N - t e r r a i n u s   of  t h e   human  TNF  p o l y p e p t i d e ,   a n d  
e x a m i n e d   t h e   p r o p e r t i e s   of  t h e   r e s u l t i n g   human  TNF  p o l y -  
p e p t i d e   m u t a n t s .   T h i s   work  has   l e d   to   t h e   d i s c o v e r y   t h a t  

15  s o l u b l e   p o l y p e p t i d e s   can   be  o b t a i n e d   o n l y   when  s p e c i f i c  
a m i n o   a c i d ( s )   a t   s p e c i f i c   s i t e ( s )   in  t h e   a b o v e   p o l y -  
p e p t i d e s   a r e   m u t a t e d .   I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n ,  
t h e r e f o r e ,   to   p r o v i d e   a  g r o u p   of   s o l u b l e   human  TNF  p o l y -  
p e p t i d e   m u t a n t s .  

20  A n o t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   t o   p r o v i d e  
human  TNF  p o l y p e p t i d e   m u t a n t s   w h i c h   a r e   s o l u b l e   and  h a v e  
TNF  a c t i v i t y .  

The  p r e s e n t   i n v e n t o r s   h a v e   f o u n d   t h a t   c e r t a i n  
m u t a n t s   in   t h e   a b o v e   g r o u p   h a v e   c y t o t o x i c   a c t i v i t y   a n d  

25  a n t i t u m o r   a c t i v i t y   in  v i t r o   and  in   v i v o   a l m o s t   c o m p a r a b l e  
to   t h o s e   of  human  TNF.  I t   i s   s t i l l   a n o t h e r   o b j e c t   of   t h e  
i n v e n t i o n   t h e r e f o r e   to   p r o v i d e   human  TNF  p o l y p e p t i d e  
m u t a n t s   h a v i n g   e x c e l l e n t   c y t o t o x i c   a c t i v i t y   and   a n t i t u m o r  

a c t i v i t y   i n   v i t r o   and  in   v i v o .  

30  I t   ha s   a l s o   b e e n   f o u n d   t h a t   o t h e r   s p e c i f i c  
m u t a n t s   in  t h e   a b o v e   g r o u p   s u r p r i s i n g l y   show  e x c e l l e n t  
a n t i t u m o r   a c t i v i t y   in   v i v o   d e s p i t e   t h e i r   v e r y   low  c y t o -  
t o x i c   a c t i v i t y   in   v i t r o ,   and  t h a t   in   t h e s e   m u t a n t s ,   p y r o -  
g e n i c i t y   w h i c h   i s   u n d e s i r a b l e   f o r   u s e   as  p h a r m a c e u t i c a l s  

35  i s   c o n s i d e r a b l y   r e d u c e d .   I t   i s   a  f u r t h e r   o b j e c t   of   t h i s  

i n v e n t i o n   t h e r e f o r e   to   p r o v i d e   human  TNF  p o l y p e p t i d e  
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m u t a n t s   w h i c h   show  v e r y   low  c y t o t o x i c   a c t i v i t y   in   v i t r o ,  

b u t   e x c e l l e n t   a n t i t u m o r   a c t i v i t y   in  v i v o ,   and  h a v e   r e d u c e d  

s i d e - e f f e c t s .   The  f a c t   t h a t   t h e s e   m u t a n t s   show  e x c e l l e n t  

a c t i v i t y   in   v i v o   d e s p i t e   t h e i r   low  a c t i v i t y   in  v i t r o  

5  i n d i c a t e s   t h a t   s t r u c t u r e s   ( a c t i v e   c e n t e r s )   e s s e n t i a l   t o  

c y t o t o x i c   a c t i v i t y   in  v i t r o   and  a n t i t u m o r   a c t i v i t y   in  v i v o  

w h i c h   a r e   t y p i c a l   b i o l o g i c a l   a c t i v i t i e s   of   TNF  do  n o t  

a l w a y s   e x i s t   a t   t h e   same  s i t e   in  TNF  p o l y p e p t i d e   m o l e c u l e .  

T h i s   a l s o   l e a d s   to   t h e   p r e s u m p t i o n   t h a t   a c t i v e   c e n t e r s   o f  

IQ  v a r i o u s   b i o l o g i c a l   a c t i v i t i e s   of  TNF  d i f f e r   f r o m   o n e  

a n o t h e r .  

F u r t h e r   o b j e c t s   of  t h i s   i n v e n t i o n   w i l l   b e c o m e  

a p p a r e n t   f r o m   t h e   f o l l o w i n g   d e s c r i p t i o n .  

To  s i m p l i f y   t h e   d e s c r i p t i o n ,   t h e   f o l l o w i n g  

15  a b b r e v i a t i o n s   a r e   u s e d   in  t h e   p r e s e n t   s p e c i f i c a t i o n   a n d  

c l a i m s .  

A:  a d e n i n e  

C:  c y t o s i n e  

G:  g u a n i n e  

20  T:  t h y m i n e  

A l a :   a l a n i n e  

Arg :   a r g i n i n e  

Asn:   a s p a r a g i n e  

Asp :   a s p a r t i c   a c i d  

25  Cys :   c y s t e i n e  

G i n :   g l u t a m i n e  

G l u :   g l u t a m i c   a c i d  

G l y :   g l y c i n e  

H i s :   h i s t i d i n e  

30  H e :   i s o l e u c i n e  

Leu :   l e u c i n e  

Lys :   l y s i n e  

Met:   m e t h i o n i n e  

P h e :   p h e n y l a l a n i n e  

35  P r o :   p r o l i n e  

S e r :   s e r i n e  
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T h r :   t h r e o n i n e  

T r p :   t r y p t o p h a n  

T y r :   t y r o s i n e  

V a l :   v a l i n e  

DNA:  d e o x y r i b o n u c l e i c   a c i d  

cDNA:  c o m p l e m e n t a r y   DNA 

dATP:  d e o x y a d e n o s i n e   t r i p h o s p h a t e  

dCTP:  d e o x y c y t i d i n e   t r i p h o s p h a t e  

dGTP:  d e o x y g u a n o s i n e   t r i p h o s p h a t e  

dTTP:  d e o x y   t h y m i d i n e   t r i p h o s p h a t e  

kbp :   k i l o   b a s e   p a i r s  

bp :   b a s e   p a i r s  

SDS:  s o d i u m   d o d e c y l s u l f   a t e  

MW:  m o l e c u l a r   w e i g h t :  

KD:  k i l o d a l t o n s  

SD  s e q u e n c e :   S h i n e - D a l g a r n o   s e q u e n c e  
He th   A  s a r c o m a :   m e t h y l c h o l a n t h r e n e - i n d u c e d  

s a c r o m a  

In  t h e   p r e s e n t   s p e c i f i c a t i o n ,   t h e   b a s e   s e q u e n c e  
20  shown  by  a  s i n g l e   s t r a n d   i s   t h e   b a s e   s e q u e n c e   of  a  s e n s e  

s t r a n d ,   and  t h e   l e f t   end   i s   a  5  ' - t e r m i n u s   and   t h e   r i g h t  

e n d ,   a  3  ' - t e r m i n u s .   In  t h e   a m i n o   a c i d   s e q u e n c e ,   t h e   l e f t  

end  i s   an  N - t e r m i n u s ,   and  t h e   r i g h t   e n d ,   a  C - t e r m i n u s .  

B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s  

25  F i g .   1  s h o w s   t h e   r e s t r i c t i o n   e n d o n u c l e a s e  

m a p p i n g   of  c l o n e d   cDNA  e n c o d i n g   human  T N F ;  

F i g s .   2  and  3  show  t h e   s t e p s   of   c o n s t r u c t i n g   a n  

e x p r e s s i o n   p l a s m i d   pHNY-32  ( i n   E x a m p l e   1 ) ;  

F i g .   4  s h o w s   t h e   s t e p s   of  p r e p a r i n g   a  PL-DNA 

30  f r a g m e n t   f o r   c o n s t r u c t i o n   of   an  e x p r e s s i o n   p l a s m i d  

pHPL-115   ( i n   E x a m p l e   2 ) ;  

F i g .   5  s h o w s   an  e l u t i o n   p a t t e r n   by  h i g h   p e r -  
f o r m a n c e   l i q u i d   c h r o m a t o g r a p h y   of   p e p t i d e   f r a g m e n t s  
f rom  p o l y p e p t i d e   T N F - 1 1 5 L   by  d i g e s t i o n   w i t h   l y s y l   e n d o -  

35  p e p t i d a s e   ( i n   E x a m p l e   2)  ;  
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F i g .   6  s h o w s   t h e   s t e p s   of  c o n s t r u c t i n g   an  e x -  

p r e s s i o n   p l a s m i d   p H P L - 1 4 7   ( i n   E x a m p l e   3 ) ;  

F i g .   7  s h o w s   t h e   s t e p s   of   c o n s t r u c t i n g   an  e x -  

p r e s s i o n   p l a s m i d   p H P L - S e r 6 7   ( i n   E x a m p l e   4 ) ;  

5  F i g .   8  s h o w s   t h e   s t e p s   of  c o n s t r u c t i n g   an  e x -  

p r e s s i o n   p l a s m i d   p H P L 1 4 7 S 6 7   ( in   E x a m p l e   5 ) ;  

F i g .   9  s h o w s   t h e   s t e p s   of  c o n s t r u c t i n g   an  e x -  

p r e s s i o n   p l a s m i d   pHTR91  ( i n   R e f e r e n t i a l   E x a m p l e   1 ) ;  

F i g .   10  s h o w s   t h e   s t e p s   of   c o n s t r u c t i n g   a n  

10  e x p r e s s i o n   p l a s m i d   pHT147  ( i n   R e f e r e n t i a l   E x a m p l e   2 ) ;   a n d  

F i g .   11  s h o w s   t h e   s t e p s   of   c o n s t r u c t i n g   a n  

e x p r e s s i o n   p l a s m i d   pHTP392   ( i n   R e f e r e n t i a l   E x a m p l e   3 ) .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  p o l y p e p t i d e  

h a v i n g   an  a m i n o   a c i d   s e q u e n c e   r e p r e s e n t e d   by  f o r m u l a   [ I ]  

15  in  T a b l e   1  in  w h i c h   a t   l e a s t   one  of  t h e   1 6 t h ,   3 1 s t   t o  

3 4 t h ,   3 6 t h ,   4 8 t h ,   7 3 r d ,   8 2 n d ,   8 5 t h ,   8 9 t h ,   9 4 t h ,   9 7 t h ,  

9 8 t h ,   1 0 3 r d ,   1 1 3 t h ,   1 1 5 t h ,   1 1 7 t h ,   1 1 8 t h ,   1 3 1 s t ,   1 3 2 n d ,  

1 4 1 s t   to   1 4 6 t h ,   and  1 5 3 r d   a m i n o   a c i d   r e s i d u e s   i s   r e p l a c e d  

by  a n o t h e r   amino   a c i d   r e s i d u e ,   w i t h   t h e   p r o v i s o   t h a t   w h e n  

20  t h e   1 1 5 t h   amino   a c i d   r e s i d u e   i s   r e p l a c e d   by  a n o t h e r   a m i n o  

a c i d   r e s i d u e ,   t h e   6 7 t h   a m i n o   a c i d   r e s i d u e   a n d / o r   t he   9 9 t h  

amino  a c i d   r e s i d u e   may  be  r e p l a c e d   by  a n o t h e r   a m i n o   a c i d  

r e s i d u e ;   and  a  p o l y p e p t i d e   r e s u l t i n g   f rom  d e l e t i o n   of   o n e  

or  a t   mos t   8  a m i n o   s u c c e s s i v e   a c i d   r e s i d u e s   f rom  t h e  

25  N - t e r m i n u s   of  s a i d   p o l y p e p t i d e .  
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Se r   S e t   S e t   Arg  Thr   Pro   S e r   Asp  Lys   P r o  

Val  A l a   B i s   Val   Val   Ala   Asn  Pro   Gin  A l a  

Glu  Gly   Gin  Leu  Gin  Trp   Leu  Asn  Arg  A r g  

Ala   Asn  Ala   Leu  Leu  Ala   Asn  Gly  V a l   G l u  

Leu  Arg  Asp  Asn  Gin  Leu  Va l   Val   P r o   S e r  

Glu  Gly  Leu  Tyr   Leu  H e   Tyr   Se r   Gin   V a l  

Leu  Phe  Lys  Gly  Gin  Gly  Cys  P ro   Se r   T h r  

B i s   Val   Leu  Leu  Thr  His  Thr   H e   S e r   A r g  

H e   Ala   Val   Ser   Tyr  Gin  Thr   Lys  Va l   A s n  

Leu  Leu  Ser   Ala   H e   Lys  S e r   P ro   Cys  G i n  

Arg  Glu  Thr   Pro   Glu  Gly  A la   Glu  A l a   L y s  

Pro   T rp   Tyr   Glu  Pro   H e   Tyr   Leu  G ly   G l y  

Val   Phe  Gin  Leu  Glu  Lys  Gly   Asp  Arg  L e u  

Ser   A la   Glu  H e   Asn  Arg  P ro   Asp  Ty r   L e u  

Asp  Phe  Ala   Glu  Ser   Gly  Gin  Val   Tyr   P h e  

Gly  H e   H e   Ala   Leu  . . .   ( I ]  

More  s p e c i f i c a l l y ,   t h e   human  TNF  p o l y p e p t i d e  

m u t a n t s   of   t h i s   i n v e n t i o n   a r e   i l l u s t r a t e d   in   t h e   f o l l o w i n g  

5  (A) ,   (B)  and  (C)  .  
(A)  The  human  TNF  p o l y p e p t i d e   m u t a n t s   w h i c h   a r e  

c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   one  of   t h e   f o l l o w i n g   a m i n o  

a c i d   r e p l a c e m e n t s   i s   e f f e c t e d   in   t h e   a m i n o   a c i d   s e q u e n c e  

of  human  TNF  r e p r e s e n t e d   by  f o r m u l a   I I I :  

1 6 t h   A l a   by  V a l ,  

3 1 s t   A la   by  T h r ,  

32nd   Asn  by  A l a ,   Cys ,   Asp ,   H i s ,   H e ,   A r g ,   S e r ,  

T h r ,   Val   or  T y r  

1 0  R e p l a c e m e n t   o f  

2 0  

1 5  3 4 t h   Leu  by  H e ,  

3 6 t h   A la   by  V a l ,  

4 8 t h   Val   by  M e t ,  

7 3 r d   Leu  by  P r o ,  

82nd   A la   by  A s p ,  

8 5 t h   Tyr   by  H i s ,  
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8 9 t h   V a l   by  H e ,  

9 4 t h   A l a   by  T h r ,  

9 7 t h   S e r   by  A s n ,  

9 8 t h   P r o   by  Hi s   or  L e u ,  

5  1 0 3 r d   T h r   by  P r o ,  

1 1 3 t h   Ty r   by  C y s ,  

1 1 5 t h   P r o   by  L e u ,   H i s ,   G in ,   S e r ,   A l a ,   Phe ,   A s n ,  

G l y ,   T y r ,   V a l ,   G l u ,   Met ,   H e ,   Asp ,   T r p ,  

L y s ,   A r g ,   or  T h r ,  

10  1 1 7 t h   Ty r   by  H i s ,  

1 1 8 t h   Leu  by  G i n ,  

1 3 1 s t   S e r   by  H e ,  

1 3 2 n d   A l a   by  T h r ,  

1 4 1 s t   Asp  by  T y r ,  

15  1 4 3 r d   A l a   by  V a l ,  

1 4 4 t h   Glu   by  L y s ,  
1 4 5 t h   S e r   by  C y s ,  

1 4 6 t h   Gly   by  G l u ,   a n d  

1 5 3 r d   H e   by  L e u .  

20  Tne  human  TNF  p o l y p e p t i d e   m u t a n t s   w h i c h   a r e  
c h a r a c t e r i z e d   in   t h a t   in   t h e   a m i n o   a c i d   s e q u e n c e   of  h u m a n  

TNF  of  f o r m u l a   [13  6 7 t h   Cys  a n d / o r   9 9 t h   Cys  i s   r e p l a c e d   b y  
Ser   and  t h a t   1 1 5 t h   P ro   i s   r e p l a c e d   by  an  a m i n o   a c i d   o t h e r  
t h a n   P r o .  

25  <C)  The  human  TNF  p o l y p e p t i d e   m u t a n t s   (A)  or  (B)  
in  w h i c h   one  or   a t   m o s t   8  s u c c e s s i v e   a m i n o   a c i d   r e s i d u e s  

f rom  t h e i r   N - t e r r a i n u s   a r e   d e l e t e d .  

In  t h e   a b o v e   g r o u p   of  m u t a n t s ,   e x a m p l e s   of  t h o s e  

m u t a n t s   w h i c h   show  e x c e l l e n t   c y t o t o x i c   a c t i v i t y   in  v i t r o  

30  and  a n t i t u m o r   a c t i v i t y   in   v i v o   a r e   shown  b e l o w .  

P o l y p e p t i d e   m u t a n t s   h a v i n g   t h e   a m i n o   a c i d   s e q u e n c e  
r e p r e s e n t e d   by  f o r m u l a   [ I ]   in   w h i c h  

1 6 t h   A l a   i s   r e p l a c e d   by  V a l ,  

3 6 t h   A l a   i s   r e p l a c e d   by  V a l ,  

35  7 3 r d   Leu  i s   r e p l a c e d   by  P r o ,  

9 8 t h   P r o   i s   r e p l a c e d   by  His   or   L e u ,  
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1 0 3 r d   Thr   i s   r e p l a c e d   by  P r o ,  

1 1 5 t h   Pro   i s   r e p l a c e d   by  Hi s   or   G i n ,  

1 3 1 s t   Ser   i s   r e p l a c e d   by  H e ,   o r  

1 4 3 r d   Ala   i s   r e p l a c e d   by  V a l .  

5  In  t h e   a b o v e   g r o u p   of  m u t a n t s ,   e x a m p l e s   of  t h o s e  

m u t a n t s   w h i c h   h a v e   low  c y t o t o x i c   a c t i v i t y   in  v i t r o   b u t  

e x c e l l e n t   a n t i t u m o r   a c t i v i t y   in   v i v o   a r e   s h o w n   b e l o w .  

P o l y p e p t i d e   m u t a n t s   h a v i n g   t h e   a m i n o   a c i d  

s e q u e n c e   r e p r e s e n t e d   by  f o r m u l a   [ I ]   in   w h i c h  

10  3 1 s t   Ala   i s   r e p l a c e d   by  T h r ,  

32nd   Asn  i s   r e p l a c e d   by  A l a ,   Cys ,   A s p ,   H i s ,   H e ,  

A r g ,   S e r ,   T h r ,   Val   or  T y r ,  

1 1 5 t h   P ro   i s   r e p l a c e d   by  S e r ,   A l a ,   P h e ,   A s n ,  

T h r ,   G l y ,   T y r ,   V a l ,   G l u ,   Met ,   H e ,   A s p ,  

15  T r p ,   Leu  or  L y s ,   o r  

1 1 7 t h   Tyr   i s   r e p l a c e d   by  H i s .  

E s p e c i a l l y   p r e f e r r e d   m u t a n t s   a r e   p o l y p e p t i d e s  

h a v i n g   t h e   a m i n o   a c i d   s e q u e n c e   of   f o r m u l a   [ I ]   in   w h i c h  

32nd   Asn  i s   r e p l a c e d   by  T y r ,   H i s ,   Asp  or  S e r ,  

20  1 1 5 t h   Pro   i s   r e p l a c e d   by  L e u ,   S e r ,   Asp  or  G l y ,  

o r  

1 1 7 t h   Tyr   i s   r e p l a c e d   by  H i s .  

The  p r e s e n t   i n v e n t i o n   a l s o   r e l a t e s   to   DNAs 

25  e n c o d i n g   t h e   a b o v e   p o l y p e p t i d e   m u t a n t s   of   t h i s   i n v e n t i o n .  

The  DNAs  of   t h e   i n v e n t i o n   w i l l   be  d e s c r i b e d   b e l o w   w i t h  

r e f e r e n c e   to   f o r m u l a   (A)  in  T a b l e   2 .  
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( 5 ' )   TCA  TCT  TCT  CGA  ACC  CCG  AGT  GAC  AAG 

CCT  GTA  GCC  CAT  GTT  GTA  GCA  AAC  CCT  CAA 

GCT  GAG  GGG  CAG  CTC  CAG  TGG  CTG  AAC  CGC 

CGG  GCC  AAT  GCC  CTC  CTG  GCC  AAT  GGC  GTG 

GAG  CTG  AGA  GAT  AAC  CAG  CTG  GTG  GTG  CCA 

TCA  GAG  GGC  CTG  TAC  CTC  ATC  TAC  TCC  CAG 

GTC  CTC  TTC  AAG  GGC  CAA  GGC  TGC  CCC  TCC 

ACC  CAT  GTG  CTC  CTC  ACC  CAC  ACC  ATC  AGC 

CGC  ATC  GCC  GTC  TCC  TAC  CAG  ACC  AAG  GTC 

AAC  CTC  CTC  TCT  GCC  ATC  AAG  AGC  CCC  TGC 

CAG  AGG  GAG  ACC  CCA  GAG  GGG  GCT  GAG  GCC 

AAG  CCC  TGG  TAT  GAG  CCC  ATC  TAT  CTG  GGA 

GGG  GTC  TTC  CAG  CTG  GAG  AAG  GGT  GAC  CGA 

CTC  AGC  GCT  GAG  ATC  AAT  CGG  CCC  GAC  TAT 

CTC  GAC  TTT  GCC  GAG  TCT  GGG  CAG  GTC  TAC 

TTT  GGG  ATC  ATT  GCC  CTG-  (3")   . . .   [A] 

S p e c x f x c   e x a m p l e s   of   t h e   DNA  of  t h i s   i n v e n t i o n  

t he   f o l l o w i n g   (a)  ,  (b)  ,  (c)  and   (d)  . 
(a)  DNAs  h a v i n g   a  b a s e   s e g u e n c e   r e p r e s e n t e d   b y  

f o r m u l a   IA1  in   T a b l e   2  in  w h i c h  

1 6 t h   c o d o n   GCA  f o r   A la   i s   r e p l a c e d   by  c o d o n   GTA 
f o r   V a l ,  

3 1 s t   c o d o n   GCC  f o r   A la   i s   r e p l a c e d   by  c o d o n   ACC 
f o r   T h r ,  

32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   GCT 
f o r   A l a ,  

32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   TGC 
f o r   C y s ,  

32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   GAT 

f o r   A s p ,  

32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   CAC 

f o r   H i s ,  

32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   ATC 

f o r   H e ,  
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32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   CGA 

f o r   A r g ,  

32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   AGC 

f o r   S e r ,  

32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   ACT 

f o r   T h r ,  

32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   GTC 

f o r   V a l ,  

32nd  c o d o n   AAT  f o r   Asn  i s   r e p l a c e d   by  c o d o n   TAT 

f o r   T y r ,  

3 4 t h   c o d o n   CTC  f o r   Leu  i s   r e p l a c e d   by  c o d o n   ATC 

f o r   H e ,  

3 6 t h   c o d o n   GCC  f o r   A la   i s   r e p l a c e d   by  c o d o n   GTC 

f o r   V a l ,  

4 8 t h   c o d o n   GTG  f o r   Va l   i s   r e p l a c e d   by  c o d o n   ATG 

f o r   M e t ,  

7 3 r d   c o d o n   CTC  f o r   Leu  i s   r e p l a c e d   by  c o d o n   CCC 

f o r   P r o ,  

82nd  c o d o n   GCC  f o r   A l a   i s   r e p l a c e d   by  c o d o n   GAC 

f o r   A s p ,  

8 5 t h   c o d o n   TAC  f o r   Tyr   i s   r e p l a c e d   by  c o d o n   CAC 

f o r   H i s ,  

8 9 t h   c o d o n   GTC  f o r   Val   i s   r e p l a c e d   by  c o d o n   ATC 

f o r   H e ,  

9 4 t h   c o d o n   GCC  f o r   A l a   i s   r e p l a c e d   by  c o d o n   ACC 

f o r   T h r ,  

9 7 t h   c o d o n   AGC  f o r   S e r   i s   r e p l a c e d   by  c o d o n   AAC 

f o r   A s n ,  

9 8 t h   c o d o n   CCC  f o r   P ro   i s   r e p l a c e d   by  c o d o n   CAC 

f o r   H i s ,  

9 8 t h   c o d o n   CCC  f o r   P r o   i s   r e p l a c e d   by  c o d o n   CTC 

f o r   L e u ,  

103  rd  c o d o n   ACC  f o r   Thr   i s   r e p l a c e d   by  c o d o n   CCC 

f o r   P r o ,  

1 1 3 t h   c o d o n   TAT  f o r   Tyr   i s   r e p l a c e d   by  c o d o n   TGT 

f o r   C y s ,  
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1 1 5 t h   c o d o n   CCC  f o e   P r o  

f o r   B i s ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   G i n ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   S e r ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   A l a ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   P h e ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   A s n ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   T h r ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   G l y ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   T y r ,  
1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   V a l ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   G l u ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   M e t ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   H e ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   A s p ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   T r p ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   L e u ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   L y s ,  

1 1 5 t h   c o d o n   CCC  f o r   P r o  

f o r   A r g ,  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

i s   r e p l a c e d  

0 2 5 1 0 3 7  
by  c o d o n   CAC 

by  c o d o n   CAG 

by  c o d o n   TCC 

by  c o d o n   GCC 

by  c o d o n   TTC 

by  c o d o n   AAC 

by  c o d o n   ACC 

by  c o d o n   GGC 

by  c o d o n   TAC 

by  c o d o n   GTC 

by  c o d o n   GAG 

by  c o d o n   ATG 

by  c o d o n   ATC 

by  c o d o n   GAC 

by  c o d o n   TGG 

by  c o d o n   CTC 

by  c o d o n   AAG 

by  c o d o n   CGC 
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1 1 7 t h   c o d o n   TAT  f o r   Tyr   i s   r e p l a c e d   b y  
f o r   H i s ,  

1 1 8 t h   c o d o n   CTG  f o r   Leu  i s   r e p l a c e d   by  c o d o n   CAG 

f o r   G i n ,  

5  1 3 1 s t   c o d o n   AGC  f o r   Se r   i s   r e p l a c e d   by  c o d o n   ATC 

f o r   H e ,  

1 3 2 n d   c o d o n   GCT  f o r   A l a   i s   r e p l a c e d   by  c o d o n   ACT 

f o r   T h r ,  

1 4 1 s t   c o d o n   GAC  f o r   Asp  i s   r e p l a c e d   by  c o d o n   TAC 

10  f o r   T v r '  

1 4 3 r d   c o d o n   GCC  f o r   A l a   i s   r e p l a c e d   by  c o d o n   GTC 

f o r   V a l ,  

1 4 4 t h   c o d o n   GAG  f o r   Glu  i s   r e p l a c e d   by  c o d o n   AAG 

f o r   L y s ,  

15  1 4 5 t h   c o d o n   TCT  f o r   Se r   i s   r e p l a c e d   by  c o d o n   TGT 

f o r   C y s ,  

1 4 6 t h   c o d o n   GGG  f o r   Gly  i s   r e p l a c e d   by  c o d o n   GAG 

f o r   G l u ,   o r  

1 5 3 r d   c o d o n   ATT  f o r   H e   i s   r e p l a c e d   by  c o d o n   CTG 

20  f o r   L e u .  

(b)  DNAs  h a v i n g   t h e   b a s e   s e q u e n c e   of   f o r m u l a   [A]  i n  

w h i c h   c o d o n   GGC  e n c o d i n g   6 7 t h   Cys  a n d / o r   9 9 t h  

Cys  i s   r e p l a c e d   by  c o d o n   TCT  e n c o d i n g   S e r   a n d  

t h a t   c o d o n   CCC  e n c o d i n g   1 1 5 t h   P r o   i s   r e p l a c e d   b y  

25  a  c o d o n   e n c o d i n g   t h e   o t h e r   a m i n o   a c i d   m e n t i o n e d  

a b o v e .  

(c)  DNAs  r e s u l t i n g   f r o m   d e l e t i o n   of  one   or  a t   m o s t  

8  s u c c e s s i v e   c o d o n s   f r o m   t h e   5'   - t e r m i n u s   of   t h e  

a b o v e   D N A s .  

30  (d)  DNAs  a b o v e   i n   w h i c h   a  t r a n s l a t i o n   i n i t i a t i o n  

c o d o n   ATG  i s   j o i n e d   to   t h e   5  ' - t e r m i n u s ,   a n d / o r   a  

t e r m i n a t i o n   c o d o n   i s   j o i n e d   to   t h e   3  ' - t e r m i n u s .  

The  DNAs  e n c o d i n g   t h e   n o v e l   human  TNF  p o l y -  

p e p t i d e   m u t a n t s   of  t h e   i n v e n t i o n   can   be  p r o d u c e d   by  p r e -  

35  p a r i n g   DNA  e n c o d i n g   human   TNF  or   i t s   p r e c u r s o r   by  a  k n o w n  
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m e t h o d ,   a u c h   as  t h e   cm  t  hod  d e s c r i b e d   in   E u r o p e a n   P a t e n t  

P u b l i c a t i o n   No.  1 5 5 5 4 9   or  a  m e t h o d   of  c h i n i c a l   • y n t h t a i a ,  

and  t h e n   p r e p a r i n g   DNAa  e n c o d i n g   t h e   a b o v e   m u t a n t !   b y  

p o i n t   m u t a t i o n   of  t h e   r e s u l t i n g   DNA  in  a c c o r d a n c e   w i t h   t h e  

5  m e t h o d   of  Wang  e t   a l .   [ S c i e n c e ,   2 2 4 ,   1431  ( 1 9 8 4 ) 1 ,   o r  

p r e p a r i n g   DNAs  e n c o d i n g   t h e   a b o v e   m u t a n t s   by  p a r t i a l  

r e p l a c e m e n t   of  t h e   r e s u l t i n g   DNA  u s i n g   s u i t a b l e   r e s t r i c -  

t i o n   e n d o n u c l e a s e s   and  s y n t h e t i c   o l i g o d e o x y r i b o n u c l e o t i d e  

a d a p t e r s   in  w h i c h   t h e   b a s e   s e q u e n c e   a t   t h e   d e s i r e d   s i t e ( s )  

10  is   a r t i f i c i a l l y   a l t e r e d .  

For   e x a m p l e ,   DNA  e n c o d i n g   a  p o l y p e p t i d e   m u t a n t  

of  f o r m u l a   [II   in  w h i c h   t h e   1 1 5 t h   a m i n o   a c i d   (P ro )   i s  

r e p l a c e d   by  Leu  c an   be  p r o d u c e d   by  t h e   f o l l o w i n g   p r o -  
c e d u r e .  

15  DNA  h a v i n g   a  b a s e   s e q u e n c e   e n c o d i n g   human  TNF 

p r e c u r s o r   i s   i s o l a t e d   by  t h e   m e t h o d   d e s c r i b e d   in  E u r o p e a n  
P a t e n t   P u b l i c a t i o n   No.  1 5 5 5 4 9 .   The  b a s e   s e q u e n c e   of  DNA 

e n c o d i n g   t h e   human  TNF  p r e c u r s o r   i s   shown   in  T a b l e   8 

a t t a c h e d ,   and  a  s e q u e n c e   f r o m   t h e   2 3 5 t h   b a s e   to   t h e   6 9 9 t h  

20  b a s e   in  t h i s   b a s e   s e q u e n c e   c o r r e s p o n d s   t o   a  b a s e   s e q u e n c e  
e n c o d i n g   human  TNF.  The  c o d o n   e n c o d i n g   t h e   1 1 5 t h   a m i n o  

a c i d   ( P r o )   in  t h e   a m i n o   a c i d   s e q u e n c e   of   human  TNF  c o r -  

r e s p o n d s   to   t h e   5 7 7 t h   t o   5 7 9 t h   b a s e s   (CCC)  in  T a b l e   8 .  

A  DNA  f r a g m e n t   c o n t a i n i n g   t h i s   c o d o n   i s   c u t   o u t   w i t h  

25  a  c o m b i n a t i o n   of  s u i t a b l e   r e s t r i c t i o n   e n d o n u c l e a s e s .  

S e p a r a t e l y ,   a  DNA  f r a g m e n t   c o n t a i n i n g   a  b a s e   s e q u e n c e  

r e s u l t i n g   f r o m   r e p l a c i n g   t h e   c o d o n   (CCC)  f o r   Pro   in  t h e  

a b o v e   DNA  f r a g m e n t   by  c o d o n   (CTC)  f o r   Leu  i s   c h e m i c a l l y  

s y n t h e s i z e d .   By  s u b s t i t u t i n g   t h e   s y n t h e s i z e d   DNA  f r a g m e n t  

30  f o r   t h e   c u t   ou t   DNA  f r a g m e n t ,   DNA  e n c o d i n g   t h e   a b o v e  

p o l y p e p t i d e   m u t a n t   c an   be  p r o d u c e d .  

More  s p e c i f i c a l l y ,   A  DNA  f r a g m e n t   c o r r e s p o n d i n g  

to   t h e   5 5 5 t h   to   6 0 3 r d   b a s e s   in   T a b l e   8  i s   c u t   o u t   by  u s i n g  

r e s t r i c t i o n   e n d o n u c l e a s e s   D d e l   and  P v u l i ,   f o r   e x a m p l e .  

35  On  t h e   o t h e r   h a n d ,   t h e   o l i g o d e o x y r i b o n u c l e o t i d e  

a d a p t e r s   h a v i n g   t h e   f o l l o w i n g   b a s e   s e q u e n c e s   a r e   c h e m i c a l -  

ly   s y n t h e s i z e d .  
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5  '  -TGAGGCCAAGCCCTGGTATGAGCTCAT-3  ' 

3  '  -CCGGTTCGGGACCATACTCGA-5  ' 

a n d  

5  '  -CTATCTGGGAGGGGTCTTCCAG-3  ' 
3  '  -GTAGATAGACCCTCCCCAGAAGGTC-5  @ 

The  r e s u l t i n g   DNA  a d a p t e r s   a r e   s u b s t i t u t e d   f o r   t h e   c u t   o u t  

5  DNA  f r a g m e n t   c o r r e s p o n d i n g   t o   t h e   5 5 5 t h   to   6 0 3 r d   b a s e s   i n  

T a b l e   8 .  

By  i n s e r t i n g   t h e   DNA  i n t o   a  s u i t a b l e   e x p r e s s i o n  

v e c t o r   so  t h a t   i t   ha s   a  s u i t a b l e   s e q u e n c e ,   i n t r o d u c i n g   t h e  

v e c t o r   i n t o   a  s u i t a b l e   h o s t ,   and  c u l t u r i n g   t h e   r e s u l t i n g  

LO  t r a n s f o r m a n t   by  t e c h n i q u e s   known  in  t h e   a r t ,   human  TNF 

p o l y p e p t i d e   m u t a n t s   of   t h e   i n v e n t i o n   can   be  p r o d u c e d .  

More  s p e c i f i c a l l y ,   an  e x p r e s s i o n   v e c t o r   f o r   p r o d u c t i o n   o f  

t h e   p o l y p e p t i d e   m u t a n t   of  t h e   i n v e n t i o n   can   be  p r o d u c e d   b y  

p r e p a r i n g   a  DNA  f r a g m e n t   h a v i n g   a  t r a n s l a t i o n   i n i t i a t i o n  

L5  c o d o n   ATG  a t   t h e   5 '   - t e r m i n u s   and  a  t e r m i n a t i o n   c o d o n   a t  

t h e   3'  - t e r m i n u s   in   t h e   DNA  h a v i n g   a  b a s e   s e q u e n c e   e n c o d i n g  

t h e   p o l y p e p t i d e   m u t a n t   i t s e l f   of  t h e   i n v e n t i o n ,   j o i n i n g  

t he   DNA  f r a g m e n t   f o l l o w i n g   a  s u i t a b l e   p r o m o t e r   and  t h e   SD 

s e q u e n c e ,   and  t h e n   i n s e r t i n g   t h e   r e s u l t i n g   f r a g m e n t   i n t o   a  

20  v e c t o r .   E x a m p l e s   of   t h e   p r o m o t e r   a r e   l a c ,   t r p ,   t a c ,   p h o S ,  

phoA,   PL,  and  SV40  e a r l y   p r o m o t e r .   E x a m p l e s   of  t h e   v e c t o r  

a r e   p l a s m i d s   ( e . g . ,   pBR322)   ,  p h a g e s   ( e . g . ,   l a m b d a   p h a g e  

d e r i v a t i v e s ) ,   and  v i r u s e s   ( e . g . ,   SV40)  .  T r a n s f o r m a n t   c a n  

be  o b t a i n e d   by  i n t r o d u c i n g   t h e   r e s u l t i n g   e x p r e s s i o n   v e c t o r  

25  f o r   p r o d u c t i o n   of   t h e   p o l y p e p t i d e   m u t a n t   of  t h e   i n v e n t i o n  

i n t o   a  s u i t a b l e   h o s t ,   f o r   e x a m p l e ,   E.  c o l i ,   by  t h e   m e t h o d  

of  Cohen   e t   a l .   ( P r o c .   N a t l .   Acad .   S c i . ,   USA,  69 ,   2 1 1 0  

( 1 9 7 2 ) 3 .   T h e n ,   by  c u l t u r i n g   t h e   t r a n s f o r m a n t   u n d e r   s u i t -  

a b l e   c u l t u r i n g   c o n d i t i o n s ,   t h e   d e s i r e d   p o l y p e p t i d e   m u t a n t  

30  or  one  in   w h i c h   Met  i s   j o i n e d   to   i t s   N - t e r m i n u s   can   b e  

p r o d u c e d .   The  c u l t u r e d   c e l l s   a r e   t r e a t e d   by ,   f o r   e x a m p l e ,  

l y s o z y m e   d i g e s t i o n ,   f  r e e z e - t h a w i n g ,   u l t r a s o n i c   r u p t u r e ,   o r  

by  u s i n g   a  F r e n c h   p r e s s ,   and   t h e n   c e n t r i f u g e d   or  f i l t e r e d  

to  o b t a i n   an  e x t r a c t   c o n t a i n i n g   t h e   p o l y p e p t i d e   m u t a n t   o f  
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t h e   i n v e n t i o n .   The  d e s i r e d   p o l y p e p t i d e   m u t a n t   can  b e  

i s o l a t e d   by  p u r i f y i n g   t h e   e x t r a c t   in   a c c o r d a n c e   w i t h   a  

g e n e r a l   m e t h o d   of  p u r i f y i n g   p r o t e i n s   Csuch  as  u l t r a -  

f i l t r a t i o n ,   d i a l y s i s ,   i on   e x c h a n g e   c h r o m a t o g r a p h y ,   g e l  

f i l t r a t i o n ,   e l e c t r o p h o r e s i s   and  a f f i n i t y   c h r o m a t o g r a p h y )   .  
The  r e a c t i o n   of   an  o r g a n i c   or  i n o r g a n i c   a c i d   o r  

a  b a s e   w i t h   t h e   p o l y p e p t i d e   m u t a n t   of   t h e   i n v e n t i o n   c a n  

g i v e   i t s   s a l t .  

Human  TNF  p o l y p e p t i d e   m u t a n t s   of   t h e   i n v e n t i o n  

w i l l   be  d e s c r i b e d   b e l o w   in  more   d e t a i l   w i t h   r e f e r e n c e   t o  

e x p e r i m e n t a l   e x a m p l e s .  

(1)  V a r i o u s   human  TNF  p o l y p e p t i d e   m u t a n t s   w e r e  

p r o d u c e d   by  c u l t u r i n g   t h e   t r a n s f o r m a n t s   o b t a i n e d   i n  

E x a m p l e s   and  R e f e r e n t i a l   E x a m p l e s   g i v e n   h e r e i n b e l o w .  

S p e c i f i c a l l y ,   t h e   t r a n s f o r m a n t s   we re   c u l t u r e d   b y  

t h e   m e t h o d   shown  in  E x a m p l e   l - ( 2 )   ,  and   t h e   v a r i o u s   h u m a n  

TNF  p o l y p e p t i d e   m u t a n t s   p r o d u c e d   in   t h e   E.  c o l i   c e l l s   w e r e  

e x t r a c t e d   i n t o   50  mH  T r i s - H C l   b u f f e r   (pH  8)  c o n t a i n i n g  

0.1%  l y s o z y m e   and  30  mH  N a C l .  

The  a m o u n t s   of  t h e   d e s i r e d   human  TNF  p o l y p e p t i d e  

m u t a n t s   r e c o v e r e d   in   t h e   e x t r a c t s   w e r e   m e a s u r e d   by  E I A  

( e n z y m e   i m m u n o a s s a y )   as   t h e   a m o u n t   of   t h e   p o l y p e p t i d e  

w h i c h   r e a c t e d   i m m u n o l o g i c a l l y   w i t h   an  a n t i - h u m a n   TNF 

a n t i b o d y .   The  m e t h o d   of   d e t e r m i n a t i o n   of   t h e   human  TNF 

p o l y p e t i d e   m u t a n t   a c c o r d i n g   t o   EIA  i s   b a s e d   on  t h e   f o l -  

l o w i n g   p r i n c i p l e .  

A  c o m p e t i t i v e   b i n d i n g   r e a c t i o n   f o r   an  a n t i - h u m a n  

TNF  r a b b i t   a n t i s e r u m   was  d o n e   b e t w e e n   t h e   human  TNF  p o l y -  

p e p t i d e   m u t a n t   in  an  a s s a y   s a m p l e   and  human  TNF  l a b e l l e d  

w i t h   b e t a - g a l a c t o s i d a s e .   T h e n ,   by  a d d i n g   a n t i - r a b b i t   I g G  

g o a t   a n t i s e r u m   i n s o l u b i l i z e d   by  b i n d i n g   to   a  b a c t e r i a l  

c e l l   w a l l ,   a  c o m p l e x   of   e n z y m e - l a b e l l e d   human  T N F / a n t i -  

human  TNF  r a b b i t   a n t i b o d y / a n t i - r a b b i t   IgG  g o a t   a n t i b o d y  

was  f o r m e d .   The  r e a c t i o n   m i x t u r e   was  c e n t r i f u g e d   t o  

o b t a i n   a  s o l i d   p h a s e .   The  a m o u n t   of  t h e   e n z y m e - l a b e l l e d  
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human  TNF  in  t h e   a b o v e   c o m p l e x   w h i c h   was  r e c o v e r e d   in  t h e  

s o l i d   p h a s e   was  d e t e r m i n e d   by  u s i n g   i t s   e n z y m e   a c t i v i t y   a s  

an  i n d e x .  

S p e c i f i c a l l y ,   2 - n i t r o p h e n y l - b e t a - D - g a l a c t o -  

p y r a n o s i d e   was  u s e d   as  an  e n z y m e   s u b s t r a t e ,   and  t h e   a m o u n t  

of  t h e   d i g e s t e d   p r o d u c t   ( 2 - n i t r o p h e n o l )   of   t h e   s u b s t r a t e  

f o r m e d   by  t h e   e n z y m e   r e a c t i o n   was  d e t e r m i n e d   by  t h e   a b -  

s o r b a n c e   a t   a  w a v e l e n g t h   of   410  nm.  The  a m o u n t   of  t h e  

e n z y m e - l a b e l l e d   human  TNF  in   t h e   c o m p l e x   r e f l e c t s   t h e  

a m o u n t   of  t h e   human  TNF  p o l y p e p t i d e   m u t a n t   in  t he   a s s a y  

s a m p l e .  

The  a m o u n t   of  t h e   human  TNF  p o l y p e p t i d e   m u t a n t  

in   t h e   a s s a y   s a m p l e   was  d e t e r m i n e d   by  u s i n g   a  s t a n d a r d  

c u r v e   p r e p a r e d   s e p a r a t e l y   by  u s i n g   human  T N F .  

In  t h e   p r e p a r a t i o n   of  t h e   a n t i - h u m a n   TNF  r a b b i t  

a n t i s e r u m ,   p u r e   human  TNF  p r o d u c e d   by  t h e   m e t h o d   of  Y a m a d a  

e t   a l .   [ J .   B i o t e c h n o l o g y ,   3,  141  ( 1 9 8 5 ) ]   was  u s e d   as  a n  

a n t i g e n .  

The  r e s u l t s   a r e   shown  in   T a b l e   3 .  

When  t h e   a m o u n t   of  t h e   d e s i r e d   human  TNF  p o l y -  

p e p t i d e   m u t a n t   d e t e c t e d   in   t h e   c e l l   e x t r a c t   i s   n e a r l y  

c o m p a r a b l e   t o   t h a t   of  human  TNF  u s e d   as   a  c o n t r o l ,   t h e  

s o l u b i l i t y   of   t h e   p o l y p e p t i d e   m u t a n t   i s   e x p r e s s e d   as  (++)  . 
I t s   s o l u b i l i t y   i s   e x p r e s s e d   as  (+)  when  i t s   d e t e c t e d  

a m o u n t   i s   s m a l l e r   t h a n   t h e   c o n t r o l ,   and   as   (-)   when  i t   i s  

much  s m a l l e r   t h a n   t h e   c o n t r o l   or   t h e   d e s i r e d   p o l y p e p t i d e  

m u t a n t   i s   n o t   d e t e c t e d .  

I t   i s   p r e s u m e d   t h a t   t h e   p o l y p e p t i d e   m u t a n t s  

h a v i n g   s o l u b i l i t i e s   e x p r e s s e d   as   (-)   u n d e r w e n t   s t r u c t u r a l  

c h a n g e   and  t h u s   m a r k e d l y   d e c r e a s e d   in   s o l u b i l i t y ,   or  w e r e  
u n s t a b l e   in   t h e   E.  c o l i   c e l l s .  
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S o l u b i l i t i e s   of  Human  TNF  P o l y p e p t i d e   M u t a n t s :  

p o i y -   •» 
p e p t i d e   M u t a t i o n :  
m u t a n t   p o s i t i o n   s o l u b i l i t y  

TNF-12T  12  th  A l a - W h r   ( - )  
TNF-13Y  1 3 t h   H i s - * T y r   < - )  
TNF-14A  1 4 t h   V a l - > A l a   ( - )  
TNF-16V  1 6 t h   A l a - > V a l   (++> 
TNF-17T  1 7 t h   A s n - * T h r   (+ )  

TNF-24F  2 4 t h   L e u - H > h e   (+ )  

TNF-26R  2 6 t h   T r p - » A r g   ( - )  

TNF  -3  IT  3 1 s t   A l a - W h r   ( + + )  

TNF-32A  32nd  A s n - W U a   (++)  

TNF-32C  32nd  A s n - » C y s   ( + + )  

TNF  -3  2D  32nd  A s n - ^ A s p   (++)  

TNF  -3  2  H  32nd  A s n - » H i s   (++)  

T N F - 3 2 I   32nd  A s n - > I l e   ( + + )  

TNF-32R  32nd  A s n - » A r g   (++)  

TNF  -3  2  S  32nd  A s n - » S e r   (++)  

TNF-32T  32nd  A s n - » T h r   (++)  

TNF  -32  V  32nd  A s n - > V a l   (++)  

TNF-32Y  32nd  A s n - > T y r   ( + + )  

TNF-32G  32nd  Asn-M31y   ( + + )  

TNF-32L  32nd  A s n - H . e u   (++)  

TNF-34 I   3 4 t h   L e u - ^ I l e   (++)  

TNF-35P  3 5 t h   L e u - ^ P r o   ( - )  

TNF  -36V  3 6 t h   A l a - > V a l   (++)  

TNF-44D  4 4 t h   A s n - » A s p   ( - )  

TNF  -4  5  P  4 5 t h   G l n - H > r o   ( - )  

TNF  -4  8  M  4 8 t h   V a l - » M e t   (++)  

TNF-50P  5 0 t h   S e r - » P r o   ( - )  

TNF-54C  54  th  T y r - K T y s   ( - )  

TNF  -5  4  H  5 4 t h   T y r - H I i s   ( - )  

•  to  be  c o n t i n u e d   -  
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P o l y -  
p e p t i d e   M u t a t i o n s  
m u t a n t   p o s i t i o n   s o l u b i l i t y  

T N F - 5 8 P   5 8 t h   S e r - » P r o   ( - )  

T N F - 5 9 L   59  t h   G l n - > L e u   ( - )  

TNF-60D  6 0 t h   V a l - » A s p   ( - )  

T N F - 6 0 G   6 0 t h   V a l - M 3 1 y   ( - )  

TNF  -6  2  S  62nd   P h e - » S e r   ( - )  

TNF  -67   S  6 7 t h   C y s - » S e r   ( + + )  

TNF-70Y  7 0 t h   T h r - » T y r   ( + + )  

TNF  -7  3  P  73  rd  L e u - « > r o   ( + + )  

TNF  -8  2D  82nd   A l a - » A s p   ( + + )  

TNF-85H  8 5 t h   T y r - » H i s   ( + + )  

TNF  -8  9  1  89  th   V a l - > I l e   ( + + )  

T N F - 9 3 P   93  rd  S e r - M > r o   ( - )  

TNF  -9  4  T  9 4 t h   A l a - » T h r   ( + + )  

TNF  -9  7  N  9 7 t h   S e r - » A s n   ( + + )  

TNF-98H  9 8 t h   P r o - > H i s   ( + + )  

T N F - 9 8 L   9 8 t h   P r o - ^ L e u   ( + + )  

T N F - 9 9 S   9 9 t h   C y s - * S e r   ( + + )  

T N F - 1 0 3 P   1 0 3 r d   T h r - M P r o   ( + + )  

T N F - 1 1 3 C   1 1 3 t h   T y r - » C y s   ( + + )  

T N F - 1 1 5 H   1 1 5 t h   P r o - > f l i s   ( + + )  

T N F - 1 1 5 Q   1 1 5 t h   P r o - ^ G l n   ( + + )  

T N F - 1 1 5 S   1 1 5 t h   P r o - > S e r   ( + + )  

T N F - 1 1 5 A   1 1 5 t h   P r o - W U a   ( + + )  

T N F - 1 1 5 F   1 1 5 t h   P r o - H > h e   ( + )  

T N F - 1 1 5 N   1 1 5 t h   P r o - » A s n   ( + + )  

T N F - 1 1 5 T   1 1 5 t h   P r o - » T h r   ( + + )  

T N F - 1 1 5 G   115  t h   P r o - H 3 1 y   ( + + )  

T N F - 1 1 5 Y   1 1 5 t h   P r o - » T y r   ( + + )  

T N F - 1 1 5 V   1 1 5 t h   P r o - * V a l   ( + + )  

T N F - 1 1 5 E   1 1 5 t h   P r o - i G l u   ( + + )  

-  to  be  c o n t i n u e d   -  
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T a b l e   3  ( c o n t i n u e d )  

P o l y -  
p e p t i d e   M u t a t i o n :  
m u t a n t   p o s i t i o n   s o l u b i l i t y  

TNF-115M  1 1 5 t h   P r o - » M e t   ( + )  

T N F - 1 1 5 I   1 1 5 t h   P r o f i l e   ( + + )  

TNF-115D  1 1 5 t h   P r o - » A s p   ( + + )  

TNF-115W  1 1 5 t h   P r o - » T r p   ( + + )  

T N F - 1 1 5 L   1 1 5 t h   P r o - ^ L e u   ( + + )  

TNF-115K  1 1 5 t h   P r o - » L y s   ( + + )  

T N F - 1 1 5 R   1 1 5 t h   P r o - * f t r g   ( + )  

T N F - 1 1 7 H   1 1 7 t h   T y r - » H i s   ( + + )  

TNF-118Q  1 1 8 t h   L e u - » G l n   ( + + )  

T N F - 1 2 1 G   1 2 1 s t   V a l - M 3 1 y   ( - )  

TNF-124Q  1 2 4 t h   L e u - » G l n   ( - )  

TNF-128A  1 2 8 t h   A s p - » A l a   ( - )  

TNF-128N  1 2 8 t h   A s p - » A s n   ( - )  

T N F - 1 3 1 I   1 3 1 s t   S e r - ^ - I l e   ( + + )  

T N F - 1 3 2 T   132nd   A l a - » T h r   ( + + )  

TNF-135D  1 3 5 t h   A s n - » A s p   ( + )  

T N F - 1 3 8 Y   1 3 8 t h   A s p - » T y r   ( + )  

TNF-141Y  1 4 1 s t   A s p - » T y r   ( + + )  

T N F - 1 4 3 V   1 4 3 r d   A l a - » V a l   ( + + )  

TNF-144K  1 4 4 t h   G l u - » L y s   ( + + )  

T N F - 1 4 5 C   1 4 5 t h   S e r - » C y s   ( + + )  

T N F - 1 4 6 E   1 4 6 t h   G l y - » G l u   ( + + )  

TNF-148D  1 4 8 t h   V a l - ^ A s p   ( - )  

TNF-148G  1 4 8 t h   V a l - » G l y   < - )  

T N F - 1 5 0 L   1 5 0 t h   P h e - ^ L e u   ( - )  

T N F - 1 5 1 E   1 5 1 s t   G ly -M31u   ( - )  

T N F - 1 5 3 L   1 5 3 r d   I l e - » L e u   ( + + )  

r N F - 1 1 5 L - S e r 6 7  

r N F - 1 1 5 L A N 8 - S e r 6 7  

r N F - 1 1 5 L A N 8  

[++)  

:++)  

:++)  
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(2)  T a b l e   4  s h o w s   t h e   i s o e l e c t r i c   p o i n t s   a n d  

c y t o t o x i c   a c t i v i t i e s   of  human  TNF  (as   a  c o n t r o l )   and  t h e  

v a r i o u s   human  TNF  p o l y p e p t i d e   m u t a n t s   of  t h e   i n v e n t i o n  

o b t a i n e d   in  E x a m p l e s   g i v e n   h e r e i n b e l o w .  

5  The  c y t o t o x i c   a c t i v i t y   was  e v a l u a t e d   on  m o u s e  

L-M  c e l l s   (ATCC,  CCL  1 . 2 )   by  t h e   m e t h o d   of  Yaraada  e t   a l .  

( J .   B i o t e c h n o l o g y ,   3,   141  ( 1 9 8 5 ) 1 .  

The  human  TNF  p o l y p e p t i d e   m u t a n t s   w h i c h   w e r e  

d e t e r m i n e d   to   be  h o m o g e n e o u s   f r o m   S D S - p o l y a c r y l a m i d e   g e l  
10  e l e c t r o p h o r e t i c   a n a l y s i s   [U.  K.  L a e m m l i ,   N a t u r e   ( L o n d o n ) ,  

2 2 7 ,   680  ( 1 9 7 0 ) 1   w e r e   u s e d   in   t h i s   t e s t .  
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T a b i c   4 
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P r o p e r t i e s   of   Human  TNF  P o l y p e p t i d e   M u t a n t   i 
I s o e l e c t r i c   p o i n t   and   c y t o t o x i c   a c t i v i t y  

M u t a n t   I s o e l e c t r i c   C y t o t o x i c  
p o l y p e p t i d e   p o i n t   ( p i )   a c t i v i t y   ( O ^ o g )  

Human  TNF  5 . 9   2 , 0 8 0  

TNF-16V  5 . 7   3 1 0  

TNF  -3  IT  5 . 8   1 2  

TNF  -3  2  Y  5 . 9   o : i 8  

TNF  -3  2  H  6 . 1   3 2  

TNF  -3  2D  5 . 5   1 . 1  

TNF  -3  2  S  5 . 8   1 . 0  

T N F - 3 2 6   5  '.'8  8 . 7 "  

TNF-32L  5 . 8   0 . 4 3  

TNF  -36V  5 . 9   1 2 2  

TNF  -7  3  P  6 . 0   2 3 4  

TNF  -9  8  H  6 .4   1 , 3 3 0  

T N F - 1 0 3 P   6 .2   2 1 5  
T N F - 1 1 5 L   5 . 9   1 2  

T N F - 1 1 5 S   5 . 8   23  

T N F - 1 1 5 T   5 . 8   3 8  

TNF-115H  6 .0   2 2 0  

T N F - 1 1 5 R   7 .0   0 . 2 2  

TNF-115D  5 .7   6 . 8  

TNF-115G  5 .9   37  

TNF-117H  6 .3   3 1  

T N F - 1 3 1 1   5 . 9   1 , 8 9 0  

TNF  - 1 4 3 V   5 . 8   2 4 3  

TNF-144K  7 . 5   1 . 3  
T N F - 1 4 6 E   5 . 6   0 . 1 8  
TNF-115LAN8  5 . 9   10  



(3)  T a b l e   5  shows   t h e   a n t i t u m o r   a c t i v i P i ? ^   | r f ) 3 7  

v i v o   of   human  TNF  (as   a  c o n t r o l )   and   t h e   v a r i o u s   human  TNF 

p o l y p e p t i d e   m u t a n t s   o b t a i n e d   in   E x a m p l e s   g i v e n   h e r e i n -  

b e l o w .   The  a n t i t u m o r   a c t i v i t y   was  e v a l u a t e d   as   f o l l o w s   t -  
5 

5  Meth  A  s a r c o m a   c e l l s   (2  x  10  )  w e r e   t r a n s p l a n t e d  

i n t o   t h e   a b d o m i n a l   s k i n   of  BALB/c  f e m a l e   m i c e   (8  w e e k  

o l d )   •  S e v e n   d a y s   a f t e r   t h e   t r a n s p l a n t a t i o n ,   t h e   p o l y -  

p e p t i d e   was  a d m i n i s t e r e d   once   i n t r a v e n o u s l y .   The  t u m o r  

n e c r o t i z i n g   r e s p o n s e   was  e v a l u a t e d   24  h o u r s   a f t e r   t h e  

10  a d m i n i s t r a t i o n   by  t h e   e v a l u a t i o n   s t a n d a r d s   of   C a r s w e l l   e t  

a l .   i P r o c .   N a t l .   A c a d .   S c i .   USA,  7 2 ,   3666  ( 1 9 7 5 ) 1 .  

As  shown  in  T a b l e   5,  t h e   c o r r e l a t i o n   b e t w e e n   t h e  

c y t o t o x i c   a c t i v i t y   in  v i t r o   and  t h e   a n t i t u m o r   a c t i v i t y   i n  

v i v o   a g a i n s t   t h e   t r a n s p l a n t e d   t u m o r   i s   s c a r c e .   F o r  

15  e x a m p l e ,   T N F - 1 3 1 I   has   n e a r l y   t h e   same  in   v i t r o   c y t o t o x i c  

a c t i v i t y   and  in   v i v o   a n t i t u m o r   a c t i v i t y   as   t h o s e   of  h u m a n  

TNF.  H o w e v e r ,   o t h e r   human  TNF  p o l y p e p t i d e   m u t a n t s ,   f o r  

e x a m p l e   human  TNF  p o l y p e p t i d e   m u t a n t   in   w h i c h   t h e   3 2 n d ,  

1 1 5 t h   or   1 4 3 r d   a m i n o   a c i d   f r o m   t h e   N - t e r m i n u s   i s   r e p l a c e d ,  

20  show  s t r o n g   in   v i v o   a n t i t u m o r   a c t i v i t y   as   c o m p a r e d   w i t h  

t h e i r   in   v i t r o   c y t o t o x i c   a c t i v i t y ,   and  h a v e   low  l e t h a l  

t o x i c i t y .  
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T a b l e   5 

A n t i t u m o r   E f f e c t   of  Human  TNF  P o l y p e p t i d e   M u t a n t   o n  
Meth  A  S a r c o m a   T r a n s p l a n t e d   in   M i c e :   > 

p o l y p e p t i d e :   N e c r o t i c   R e s p o n s e   I n h i b i t i o n  
d o s e   ( u n i t )   / m o u s e   +  ++  +++  of  T u m o r  

G r o w t h   (%) 

Human  TNF:  
600  1  5  0  0  5 5  

2 , 0 0 0   0  4  2  0  80  
6 , 0 0 0   0  0  6  0  87 

2 0 , 0 0 0   0  0  0  6  1 0 0  

T N F - 1 6 V :  
93  6  0  0  0  61  

310  4  2  0  0  64 
930  0  4  2  0  90 

3 , 1 0 0   0  0  6  0  86 
9 , 3 0 0   0  0  3  3  1 0 0  

TNF  -3  I T :  
35  7  0  0  0  49  

115  2  5  0  0  7 9  

5 
18  

4 
3 

3 
4 

0 
0 

0 
0 

2 6 .  
4 6  

i w - j z d :  
1 1  
33  

1 1 0  

4 
0 
0 

0 
5 
1 

0 
0 
3 

0 
0 
1 

63 
82 
81 

r « r - j ^ i > :  
1 0  
3 0  

1 0 0  

5 
1 
0 

D 
4 
1 

0 
0 
4 

0 
0 
0 

17 
58 
n  

i w - j z h :  
32  
96  

3 2 0  

1  1 
L  4 
3  3 

3 
3 
I 

3 
3 
3 

45  
73  

IiOQ;. 

@  to   be  c o n t i n u e d   -  
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Cable   5  ( c o n t i n u e d )  

3 2 5 1 0 3 7  

P o l y p e p t i d e !   N e c r o t i c   R e s p o n s e   I n h i b i t i o n  
l o s e   ( u n i t )   / m o u s e   +  ++  +++  of   T u m o r  

G r o w t h   (%) 

r N F - 3 6 V :  
120  2  4  0  0  4 9  
370  0  4  2  0  8 3  

1 , 2 0 0   0  0  2  4  93  
3 , 7 0 0   0  0  0  6  9 3  

r N F - 7 3 P :  
230  5  2  0  0  8 
700  0  7  0  0  6 6  

2 , 3 0 0   0  5  2  0  90  

r N F - 9 8 H :  
1 , 3 0 0   2  5  0  0  7 0  
4 , 0 0 0   0  5  2  0  8 1  

1 3 , 0 0 0   0  0  1  6  9 4  

T N F - 1 0 3 P :  
215  0  1  6  0  7 0  
645  0  0  4  3  1 0 0  

T N F - 1 1 5 L :  
12  5  1  0  0  7 0  
35  2  4  0  0  7 3  

117  0  5  1  0  7 8  
350  0  2  4  0  9 1  

1 , 1 7 0   0  0  5  1  9 3  

T N F - 1 1 5 S :  
23  3  3  0  0  7 4  
69  0  4  2  0  8 1  

230  0  2  4  0  9 1  
690  0  0  5  1  8 4  

2 , 3 0 0   0  0  1  5  1 0 0  

TNF  - 1 1 5   H:  
220  5  1  0  0  7 2  
660  0  5  1  0  8 0  

2 , 2 0 0   0  1  5  0  9 6  

-  to  be  c o n t i n u e d  
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T a b l e   5  ( c o n t i n u e d )  

P o l y p e p t i d e :   N e c r o t i c   R e s p o n s e   I n h i b i t i o n  
d o s e   ( u n i t )   / m o u s e   -  +  ++  +++  of  T u m o r  

G r o w t h   (%) 

T N F - 1 1 5 T :  
38  2  3  0  0  54  

114  2  3  0  0  83  
380  1  2  2  0  9 1  

1 , 1 4 0   0  0  5  0  1 0 0  

T N F - 1 1 5 D :  
68  0  5  0  0  57  

204  0  2  3  0  1 0 0  

T N F - 1 1 5 G :  
110  0  5  0  0  6 8  
370  0  1  4  0  9 8  

1 , 1 0 0   0  0  1  4  1 0 0  

T N F - 1 1 7 H :  
31  4  3  0  0  5 1  
92  1  6  0  0  8 8  

310  0  0  7  0  93  

T N F - 1 3 1 1 :  
5 , 7 0 0   0  0  2  3  8 3  

1 9 , 0 0 0   0  0  1  3  9 8  

T N F - 1 4 3 V :  
730  0  5  0  0  4 2  

2 , 4 0 0   0  4  1  0  6 5  
7 , 3 0 0   0  1  3  1  1 0 0  
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(4)  S e v e r a l   human  TNF  p o l y p e p t i d e   m u t a n t s   o f  

t h i s   i n v e n t i o n   as   w e l l   as  human  TNF  w e r e   t e s t e d   f o r   p y r o -  

g e n i c i t y   in   r a b b i t .   The  r e s u l t s   a r e   shown   in  T a b l e   6 .  

The  p y r o g e n i c i t y   t e s t   was  c a r r i e d   o u t   by  a d -  

m i n i s t e r i n g   t h e   p o l y p e p t i d e   i n t r a v e n o u s l y   t o   r a b b i t ,   a n d  

o b s e r v i n g   c h a n g e   in  t h e   r e c t a l   t e m p e r a t u r e   f o r   4  h o u r s  

a f t e r   t h e   a d m i n i s t r a t i o n .   The  r e s u l t s   a r e   e x p r e s s e d   a s  

f o l l o w s :  

( - )   :  a  r e c t a l   t e m p e r a r u r e   r i s e   of   n o t   more   t h a n  
0 . 4 ° C  

(+)  :  a  r e c t a l   t e m p e r a t u r e   r i s e   of   0 . 5   to   0 . 9 ° C  

(++)  :  a  r e c t a l   t e m p e r a t u r e   r i s e   of   1 . 0 ° C   or  m o r e  
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T a b l e   6 

P y r o g e n i c i t y   of  Human  TNF  P o l y p e p t i d e   M u t a n t   in   R a b b i t :  

P o l y p e p t i d e :   d o s e   ( ^ g / k g )   P y r o g e n i c i t y  

Human  TNF:  0 . 5 0   ( + )  

T N F - 1 6 V :   0 . 5 2   < - )  
5 . 2   ( - )  

52  ( + )  

TNF-32Y:   0 . 5 6   ( - )  
5 .6   ( - )  

56  ( - )  

T N F - 3 2 H :   0 . 5 0   ( - )  
5 .0   ( - )  

50  ( - )  

T N F - 3 6 V :   0 . 5 0   ( - )  
5 .0   (+ )  

50  ( + )  

T N F - 7 3 P :   0 . 5 1   ( - )  
5 .1   ( + )  

51  ( + + )  

T N F - 1 1 5 L :   0 . 6 7   < - )  
6 .7   ( - )  

67  (+ )  

T N F - 1 1 5 S :   0 . 5 2   < - )  
5 .2   ( + )  

52  (+ )  

T N F - 1 1 5 H :   0 . 5 0   ( - )  
5 .0   (+} 

50  (+ )  

T N F - 1 1 7 H :   0 . 5 2   ( - )  
5 .2   ( - )  

52  ( + )  
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5)  The  e f f e c t   of   t h e   p o l y p e p t i d e   m u t a n t  

(TMF-115I i )   on  t h e   b l o o d   p r e s s u r e   was  t e s t e d   by  a d m i n i s t e r -  

i n g   i n t o   t h e   t a i l   v e i n   of   S H R / N C r j   m a l e   r a t s   (body  w e i g h t  

264  to   304  g;  N i p p o n   C h a r l e s   R i v e r   C o . ,   L t d . ) ,   and  m e a s u r -  

5  i n g   t h e   s y s t o l i c   b l o o d   p r e s s u r e   of  t h e   r a t s   w i t h o u t   a n e s -  

t h e s i a   by  means   of  an  a r t e r i a l   p r e s s u r e   m e a s u r i n g   d e v i c e  

f o r   r a t s   (Model   K N - 2 0 9 ,   made  by  N a t s u m e   S e i s a k u s h o )   .  A s  

a  c o n t r o l   human  TNF  was  a d m i n i s t e r e d   as  w e l l .  

rhe  r e s u l t s   a r e   shown  in  T a b l e   7 .  

L0 r a b l e   7  

E f f e c t   of  T N F - 1 1 5 L   on  B l o o d   P r e s s u r e   in  R a t s  

P o l y p e p t i d e  Changes  in  Blood  P r e s s u r e   (mean+SD) 
(hours   a f t e r   A d m i n i s t r a t i o n )   ~~ 

dosage  tytg/kg) b e f o r e  5  h o u r s  24  h o u r s  

Human  TNF: 
100 193+3.1  roroHg  183+2.0  mmHg  170+3.2  moHg 

TNF-115L: 
100 

1 , 0 0 0  
5 , 0 0 0  

1 0 , 0 0 0  

189+3.0  178+2.7  184+2.2 
190+1.5  186+2.1  189+2.5  
191+2.1  185+2.4  188+3.6  

189+3.0  mmHg  195+2.5  mmHg  191+2.6  nmBg 
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For  f o r m u l a t i n g   human  TNF  p o l y p e p t i d e   m u t a n t s   o f  

t h i s   i n v e n t i o n ,   t h e y   may  be  in   t h e   f o r m   of   a  s o l u t i o n   or  a  

l y o p h i l i z e d   p r o d u c t .   From  t h e   s t a n d p o i n t   of   l o n g - t e r m  

s t a b i l i t y ,   t h e y   a r e   d e s i r a b l y   in   t h e   f o r m   of   l y o p h i l i z e d  

p r o d u c t s .   I t   i s   p r e f e r r e d   to   add  v e h i c l e s   or   s t a b i l i z e r s  

to   t h e   p r e p a r a t i o n s .   E x a m p l e s   of  t h e   s t a b i l i z e r s   i n c l u d e  

a l b u m i n ,   g l o b u l i n ,   g e l a t i n ,   p r o t a m i n e ,   p r o t a m i n e   s a l t s ,  

g l u c o s e ,   g a l a c t o s e ,   x y l o s e ,   m a n n i t o l ,   g l u c u r o n i c   a c i d ,  

t r e h a l o s e ,   d e x t r a n ,   h y d r o x y e t h y l   s t a r c h ,   and   n o n i o n i c  

s u r f a c e - a c t i v e   a g e n t s   ( s u c h   as  p o l y o x y e t h y l e n e   f a t t y   a c i d  

e s t e r s ,   p o l y o x y e t h y l e n e   a l k y l   e t h e r s ,   p o l y o x y e t h y l e n e  

a l k y l   p h e n y l   e t h e r s ,   p o l y o x y e t h y l e n e   s o r b i t a n   f a t t y   a c i d  

e s t e r s ,   p o l y o x y e t h y l e n e   g l y c e r i n   f a t t y   a c i d   e s t e r s ,   p o l y -  

o x y e t h y l e n e   h a r d e n e d   c a s t o r   o i l ,   p o l y o x y e t h y e n e   c a s t o r  

o i l ,   p o l y o x y e t h y l e n e   p o l y o x y p r o p y l e n e   a l k y l   e t h e r s ,   p o l y -  

o x y e t h y l e n e   p o l y o x y p r o p y l e n e   b l o c k   c o p o l y m e r ,   s o r b i t a n  

f a t t y   a c i d   e s t e r s ,   s u c r o s e   f a t t y   a c i d   e s t e r s   and  g l y c e r i n  

f a t t y   a c i d   e s t e r s )   .  
The  s e v e r a l   human  TNF  p o l y p e p t i d e   m u t a n t s   o f  

t h i s   i n v e n t i o n   a r e   e s p e c i a l l y   u s e f u l   as  a n t i t u m o r   a g e n t s  

as  shown  a b o v e .  

Such  p o l y p e p t i d e   p r e p a r a t i o n s   a r e   p r e f e r a b l y  

a d m i n i s t e r e d   p a r e n t e r a l l y   or  t o p i c a l l y .   P a r e n t e r a l   r o u t e s  

s u c h   as  i n t r a v e o u s   and  i n t r a m u s c u l a r   r o u t e s   a r e   u s e d   w h e n  

t u m o r   c e l l s   e x t e n d   o v e r   a  w ide   r a n g e   or   m e t a s t a s i z e ,   o r  

when  p r e v e n t i o n   of  m e t a s t a s i s   i s   i n t e n d e d .   A g a i n s t   l o c a l  

t u m o r   t i s s u e s ,   d i r e c t   i n t r a t u m o r   a d m i n i s t r a t i o n   i s   p r e -  
f e r r e d .   The  d o s a g e   v a r i e s   d e p e n d i n g   u p o n   t h e   t y p e   o f  

human  TNF  p o l y p e p t i d e   m u t a n t s   and  t h e   t y p e   and  s i z e   o f  

t u m o r s ,   t h e   c o n d i t i o n   of  t h e   p a t i e n t   and   t h e   r o u t e   o f  

a d m i n i s t r a t i o n .   For  e x a m p l e ,   in  c a s e   of   T N F - 1 1 5 L ,   i t   i s   1 

x  103  to   1  x  108  u n i t s   ( L M ) / k g ,   p r e f e r a b l y   1  x  104  to   1  x  
107  u n i t s   ( L M ) / k g .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h e   p r e s e n t  

i n v e n t i o n   more   s p e c i f i c a l l y .   I t   s h o u l d   be  u n d e r s t o o d  
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h o w e v e r   t h a t   o t h e r   human  TNF  p o l y p e p t i d e   m u t a n t s   i n   a c -  

c o r d a n c e   w i t h   t h i s   i n v e n t i o n   c a n   a l s o   be  p r o d u c e d   b y  

s i m i l a r   m e t h o d s ,   and  t h e   i n v e n t i o n   i s   in  no  way  l i m i t e d   t o  

t h e s e   e x a m p l e s .  

5  E x a m p l e   1 

P r o d u c t i o n   of   Human  TNF  P o l y p e p t i d e   M u t a n t   T N F - 3 2 Y : -  

(1)  C o n s t r u c t i o n   of   an  e x p r e s s i o n   p l a s m i d  

An  e x p r e s s i o n   p l a s m i d   (pHNY-32)  f o r   p r o d u c i n g   a  

p o l y p e p t i d e   c o n s i s t i n g   of   155  a m i n o   a c i d s   c o r r e s p o n d i n g   t o  

LO  t h e   s e q u e n c e   f r o m   a m i n o   a c i d   No.  1  to  No.  155  in  T a b l e   9 

a t t a c h e d ,   r e f e r r e d   to   as  T N F - 3 2 Y ,   was  c o n s t r u c t e d   a s  

i l l u s t r a t e d   in   F i g u r e s   2  and  3 .  

A  c l o n e d   cDNA  e n c o d i n g   human  TNF  was  i s o l a t e d  

by  d i g e s t i o n   w i t h   r e s t r i c t i o n   e n d o n u c l e a s e   P s t I   f r o m   t h e  

15  r e c o m b i n a n t   p l a s m i d   pHTNFl3   p r e p a r e d   a c c o r d i n g   to   t h e  

m e t h o d   d e s c r i b e d   i n   E u r o p e a n   P a t e n t   P u b l i c a t i o n   No.  1 5 5 5 4 9 .  

The  c l o n e d   cDNA  was  f u r t h e r   d i g e s t e d   w i t h   r e -  

s t r i c t i o n   e n d o n u c l e a s e s   A v a l   and   H i n d i   I  I  to   i s o l a t e   a  DNA 

f r a g m e n t   c o n t a i n i n g   m o s t   of   t h e   c o d i n g   r e g i o n   f o r   t h e  

20  human  TNF  p o l y p e p t i d e .   The  i s o l a t e d   DNA  f r a g m e n t   i s  

r e f e r r e d   to   as  TNF  -DNA  f r a g m e n t .  

The  TNF  -DNA  f r a g m e n t   was  a b o u t   600  bp  in   s i z e  

c o n t a i n i n g   t h e   b a s e   s e q u e n c e   c o r r e s p o n d i n g   to   t h e   d o w n -  

s t r e a m   r e g i o n   f r o m   b a s e   No.  250  in  T a b l e   8.  I t s   f u l l   b a s e  

25  s e q u e n c e   was  r e p o r t e d   by  Yaraada  e t   a l .   U .   B i o t e c h n o l o g y ,  

3,  141  ( 1 9 8 5 ) 3 .  

The  TNF  -DNA  f r a g m e n t   was  f u r t h e r   d i g e s t e d   w i t h  

r e s t r i c t i o n   e n d o n u c l e a s e s   H p a l l   and  B g l l   to   c u t   i t   i n t o  

t h r e e   DNA  f r a g m e n t s   and   t h e y   w e r e   i s o l a t e d .   T h e s e   DNA 

30  f r a g m e n t s   had  t h e   s e q u e n c e s   c o r r e s p o n d i n g   to   t h e   r e g i o n  

f rom  b a s e   No.  250  to   No.  3 2 1 ,   t h e   r e g i o n   f rom  b a s e   No.  3 2 2  

to  337  and  t h e   d o w n s t r e a m   r e g i o n   f rom  b a s e   No.  338  i n  

T a b l e   8,  r e s p e c t i v e l y .   T h e s e   DNA  f r a g m e n t s   w e r e   n a m e d  

DNA-1  f r a g m e n t ,   DNA-  2  f r a g m e n t   and  DNA-3  f r a g m e n t ,   r e -  

35  s p e c t i v e l y .  
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T h e n ,   t h e   DNA-l   and  DNA-  3  f r a g m e n t s   we re   c o m -  
b i n e d   by  u s i n g   T4  DNA  l i g a s e   w i t h   t h e   f o l l o w i n g   c h e m i c a l l y  

s y n t h e s i z e d   o l i g o d e o x y r i b o n u c l e o t i d e   a d a p t e r   [al   . 

5  '  -CGGGCCTATGCCCTCC-3  @  [  a  1 
3 ' - C C G G A T A C G G G - 5 '  

5  The  l i g a t e d   DNA  f r a g m e n t   i s   r e f e r r e d   to   a s  
NY  -DNA  f r a g m e n t .   The  NY-DNA  f r a g m e n t   was  s e q u e n t i a l l y  

l i g a t e d   w i t h   t h e   f o l l o w i n g   two  c h e m i c a l l y   s y n t h e s i z e d  

o l i g o d e o x y r i b o n u c l e o t i d e   a d a p t e r s ,   [b]  and  [ c l .  

5  1  -  AACTAGTACGCAAGTTCACGTAAGGAGGTTATC-3  '  [  b  1 
3  '  -TTGATCATGCGTTCAAGTGCATTCCTCCAATAGCTA-5  1 

10  a n d  

5  '  -GATTATGTCATCTTCTCGAACC-3  1  [  c  ] 
3  '  -ATACAGTAGAAGAGCTTGGGGCT-5  • 

The  r e s u l t i n g   DNA  f r a g m e n t   i s   r e f e r r e d   to   a s  

P e p t i d e   c o d i n g - D N A   f r a g m e n t .  

A  DNA  f r a g m e n t   ( a b o u t   380  bp  in  s i z e )   c o n t a i n i n g  

15  t h e   t r p   p r o m o t e r   r e g i o n   was  i s o l a t e d   f rom  a  p l a s m i d   p C T - 1  

[M.  I k e h a r a   e t   a l . ,   P r o c .   N a t l .   Acad .   S c i . ,   USA,  81,  5 9 5 6  

( 1 9 8 4 ) 1   by  d o u b l e   d i g e s t i o n   w i t h   r e s t r i c t i o n   e n d o n u c l e a s e s  

Hpa l   and  A a t l l .   The  b a s e   s e q u e n c e   of   t h e   t r p   p r o m o t e r  

r e g i o n   of  t h e   a b o v e   380  bp-DNA  f r a g m e n t   was  r e p o r t e d   b y  

20  B e n n e t t   e t   a l .   [ J .   Mol.   B i o l . ,   121 ,   113  ( 1 9 7 8 ) 1 .   T h e  

a b o v e   380  bp-DNA  f r a g m e n t   was  l i g a t e d   w i t h   t h e   P e p t i d e  

c o d i n g - D N A   f r a g m e n t   p r e p a r e d   as  a b o v e .   The  l i g a t e d   DNA 

f r a g m e n t   was  r e f e r r e d   t o   as  P r o m o t e r - P e p t i d e   c o d i n g - D N A  

f r a g m e n t .  

25  S e p a r a t e l y ,   a  p l a s m i d   pBR322  was  d i g e s t e d   w i t h  

r e s t r i c t i o n   e n d o n u c l e a s e s   A v a l   and  P v u I I ,   and  t h e   r e s u l t -  

ing   l a r g e r   DNA  f r a g m e n t   ( a b o u t   3 .7   kbp  in  s i z e )   was  i s o -  

l a t e d   by  0.7%  a g a r o s e   g e l   e l e c t r o p h o r e s i s .   A f t e r   f i l -  

l i n g - i n   i t s   c o h e s i v e   e n d s   to   b l u n t   e n d s   w i t h   c o l i  
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DNA  p o l y m e r a s e   I  (K lenow  f r a g m e n t )   and   f o u r   k i n d s   o f  

d e o x y r i b o n u c l e o t i d e   t r i p h o s p h a t e s   (dGTP,   dATP,  dTTP  a n d  

dCTP)  ,  b o t h   e n d s   w e r e   l i g a t e d   by  T4  DNA  l i g a s e   t o   c o n -  

s t r u c t   a  new  p l a s m i d ,   w h i c h   i s   d e s i g n a t e d   p B R S 6 .  

5  The  p l a s m i d   pBRS6  was  c l e a v e d   w i t h   r e s t r i c t i o n  

e n d o n u c l e a s e s   A a t H   and  H i n d l l l   i n t o   two  DNA  f r a g m e n t s .  

The  l a r g e r   DNA  f r a g m e n t   ( a b o u t   3 .6   kbp  i n   s i z e )   was  i s o -  

l a t e d   and  l i g a t e d   by  T4  DNA  l i g a s e   w i t h   t h e   P r o m o t e r -  

P e p t i d e   c o d i n g - D N A   f r a g m e n t   p r e p a r e d   as  a b o v e   in  o r d e r   t o  

0  c o n s t r u c t   an  e x p r e s s i o n   p l a s m i d   p H N Y - 3 2 .  

(2)  P r o d u c t i o n   of   T N F - 3 2 Y  

The  e x p r e s s i o n   p l a s m i d   pHNY-32  was  i n t r o d u c e d  

i n t o   E.  c o l i   HB101  by  t h e   c o n v e n t i o n a l   m e t h o d   [S.  N.  C o h e n  

e t   a l . ,   P r o c .   N a t l .   Acad .   S c i . ,   USA,  69 ,   2110   ( 1 9 7 2 ) 1 .  

L5  The  t r a n s f o r m a n t   ( H B 1 0 1 / p H N Y - 3 2 )   was  c u l t i v a t e d  

a t   37°C  o v e r n i g h t   in   LB  b r o t h   [ c o m p o s i t i o n :   1%  t r y p t o n ,  

0.5%  y e a s t   e x t r a c t ,   1%  NaCl ,   pH  7 . 5 1 .   The  c u l t u r e   w a s  

i n o c u l a t e d   in   1 0 - v o l u m e s   of  m o d i f i e d   M9  m e d i u m   [ c o m p o s i -  

t i o n :   1.5%  N a 2 H P 0 4 « 1 2 H 2 0 ,   0.3%  KH2P04 ,   0 .05%  N a C l ,   0 . 1 %  

20  NH4C1,  2  m g / l i t e r   of  v i t a m i n e   B l ,   0 .45%  c a s a m i n o   a c i d ,  

1  mM  MgS04,   0 . 1   mM  CaCl2   and  0.4%  g l y c e r o l ]   c o n t a i n i n g  

a m p i c i l l i n   a t   25  m i c r o g r a m s / m l ,   a t   37°C  f o r   1  h o u r .  

T h e n ,   3 - i n d o l e a c r y l i c   a c i d   was  a d d e d   to   g i v e   a  

f i n a l   c o n c e n t r a t i o n   of  20  m i c r o g r a m s / m l .   A f t e r   t h e   c u l -  

25  t i v a t i o n   was  f u r t h e r   c o n t i n u e d   f o r   24  h o u r s ,   t h e   c e l l s  

w e r e   c o l l e c t e d   by  c e n t r i f u g a t i o n .   The  c e l l s   w e r e   s u s -  

p e n d e d   in   50  mM  T r i s - H C l   b u f f e r   (pH  8)  c o n t a i n i n g   0 . 1 %  

l y s o z y m e   and  30  mM  NaCl ,   and  a l l o w e d   to   s t a n d   i n   an  i c e  

b a t h   f o r   30  m i n u t e s .   A f t e r   t h e   c e l l   s u s p e n s i o n   was  r e -  

30  p e a t e d l y   t r e a t e d   by  f r e e z i n g   in   a  d r y   i c e / e t h a n o l   b a t h   a n d  

t h a w i n g   a t   3 7 ° C ,   t h e   c e l l   e x t r a c t   was  c o l l e c t e d   by  c e n -  

t r i f u g a t i o n .  

The  c e l l   e x t r a c t   was  d i a l y z e d   a g a i n s t   20  mM 

T r i s - H C l   b u f f e r   (pH  7 . 8 ) ,   and  t h e   d i a l y z a t e   was  c e n t r i -  

35  f u g e d   to   o b t a i n   a  c l a r i f i e d   s u p e r n a t a n t .   The  s u p e r n a t a n t  

was  a p p l i e d   o n t o   a  D E A E - S e p h a r o s e   CL-6B  c o l u m n   ( P h a r m a c i a )  
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p r e v i o u s l y   e q u i l i b r a t e d   w i t h   20  mM  T r i s - H C l   b u f f e r   (pH 

7 . 8 ) .   A f t e r   t h e   c o l u m n   was  w a s h e d   w i t h   t h e   same  b u f f e r   t o  

r e m o v e   n o n - a d s o r b e d   c o m p o n e n t s ,   t h e   d e s i r e d   p o l y p e p t i d e  

(TNF-32Y)   was  e l u t e d   w i t h   a  l i n e a r   g r a d i e n t   of  NaCl  c o n -  

c e n t r a t i o n   f rom  z e r o   to   0 .3   M  in  t h e   same   b u f f e r .   E a c h  

f r a c t i o n   was  s u b j e c t e d   to   S D S - p o l y a c r y l a m i d e   g e l   e l e c t r o -  

p h o r e s i s ,   and  t h e   f r a c t i o n s   c o n t a i n i n g   p o l y p e p t i d e   h a v i n g   a  
m o l e c u l a r   w e i g h t   of  a b o u t   17  k i l o d a l t o n s   w e r e   c o l l e c t e d  

and  p o o l e d .  

The  p o o l e d   f r a c t i o n   was  d i a l y z e d   a g a i n s t   20  mM 

T r i s - H C l   b u f f e r   (pH  7 . 8 ) ,   and  t h e n   i t   was  a g a i n   s u b j e c t e d  
to  D E A E - S e p h a r o s e   CL-6B  c o l u m n   c h r o m a t o g r a p h y   as   a b o v e ,  
bu t   t h e   e l u t i o n   was  c a r r i e d   ou t   u n d e r   t h e   e l u t i o n   c o n d i -  

t i o n   of  an  e a s i e r   g r a d i e n t   of  NaCl  c o n c e n t r a t i o n .  

The  f r a c t i o n s   c o n t a i n i n g   t h e   d e s i r e d   p o l y p e p t i d e  

were   c o l l e c t e d ,   p o o l e d   and  c o n c e n t r a t e d   by  u l t r a f i l t r a t i o n  

w i t h   D i a f   lo   u s i n g   a  YM10  membrane   ( A m i c o n )   .  
F i n a l l y ,   t h e   c o n c e n t r a t e   was  s u b j e c t e d   to   g e l  

f i l t r a t i o n   on  a  c o l u m n   of  B i o - G e l   P-6   ( B i o - R a d )   u s i n g   5  mM 

p h o s p h a t e   b u f f e r e d   s a l i n e   as  an  e l u e n t   to   o b t a i n   p u r i f i e d  
T N F - 3 2 Y .  

N - t e r m i n a l   amino   a c i d   s e q u e n c e   of  t h e   p u r i f i e d  
TNF  -3  2  Y  was  a n a l y z e d   by  t h e   a u t o m a t e d   Edman  d e g r a d a t i o n   o n  

P r o t e i n   S e q u e n c e r   ( A p p l i e d   B i o s y s t e m s ,   Model   470A)  .  
As  a  r e s u l t ,   t h e   N - t e r m i n a l   a m i n o   a c i d   o f  

TNF  -3  2  Y  was  a  s e r i n e   r e s i d u e .   N a m e l y ,   a  m e t h i o n i n e   r e -  

s i d u e   due  to   t h e   t r a n s l a t i o n   i n i t i a t i o n   c o d o n   (ATG)  w a s  

r e m o v e d   f r o m   t h e   p u r i f i e d   p r o d u c t .  

E x a m p l e   2 

P r o d u c t i o n   of   Human  TNF  P o l y p e p t i d e   M u t a n t   T N F - 1 1 5 L : -  

(1)  C o n s t r u c t i o n   of  an  e x p r e s s i o n   p l a s m i d  

An  e x p r e s s i o n   p l a s m i d   ( p H P L - 1 1 5 )   f o r   p r o d u c i n g   a  

p o l y p e p t i d e   c o n s i s t i n g   of  155  amino  a c i d s   c o r r e s p o n d i n g   t o  

t h e   s e q u e n c e   of  t h e   amino   a c i d   No.  1  to   No.  155  in   T a b l e  

10  a t t a c h e d ,   r e f e r r e d   to   as  T N F - 1 1 5 L ,   was  c o n s t r u c t e d   a s  

i l l u s t r a t e d   in  F i g u r e   4 .  
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The  TNF-DNA  f r a g m e n t   p r e p a r e d   as   m e n t i o n e d   i n  

E x a m p l e   1 ~ ( 1 )   was  d i g e s t e d   w i t h   r e s t r i c t i o n   e n d o n u c l e a s e s  

P v u I I   and   Tag  I  to   c u t   i t   i n t o   f o u r   DNA  f r a g m e n t s   and  t h e y  

w e r e   i s o l a t e d .   T h e s e   DNA  f r a g m e n t s   had   t h e   s e q u e n c e s  

5  c o r r e s p o n d i n g   t o   t h e   r e g i o n   f r o m   b a s e   No.  250  t o   369 ,   t h e  

r e g i o n   f r o m   b a s e   No.  370  to   6 0 3 ,   t h e   r e g i o n   f r o m   b a s e   N o .  

604  to   No.  653  and  t h e   d o w n s t r e a m   r e g i o n   f r o m   b a s e   No.  6 5 4  

in   T a b l e   8,  r e s p e c t i v e l y .  

T h e s e   DNA  f r a g m e n t s   w e r e   named   DNA-4  f r a g m e n t ,  

10  DNA-5  f r a g m e n t ,   DNA-6  f r a g m e n t   and  DNA-7  f r a g m e n t ,   r e -  

s p e c t i v e l y .   The  DNA-5  f r a g m e n t   was  f u r t h e r   d i g e s t e d   w i t h  

r e s t r i c t i o n   e n d o n u c l e a s e   Dde l   to   i s o l a t e   a  DNA  f r a g m e n t  

c o r r e s p o n d i n g   to   t h e   s e q u e n c e   f r o m   b a s e   No.  370  to   No.  5 5 4  

in  T a b l e   8  ( r e f e r r e d   to   as  DNA-8  f r a g m e n t ) .  

15  The  DNA-8  f r a g m e n t   was  c o m b i n e d   w i t h   t h e   DNA-4  

f r a g m e n t ,   and  t h e n   l i g a t e d   w i t h   t h e   f o l l o w i n g   two  c h e -  

m i c a l l y   s y n t h e s i z e d   o l i g o d e o x y r i b o n u c l e o t i d e   a d a p t e r s .   I d ]  

and  [ e l .  

5  '  -TGAGGCCAAGCCCTGGTATGAGCTCAT-3  '  I d )  
3  '  -CCGGTTCGGGACCATACTCGA-5  1 

20  a n d  

5  •  -CTATCTGGGAGGGGTCTTCCAG-3  '  l e i  
3  1  -GTAGATAG  ACCCTCCCC  AGAAGGTC  -5  • 

To  t h e   l i g a t e d   DNA  f r a g m e n t ,   t h e   DNA-6  f r a g m e n t  

and  t h e   DNA-7  f r a g m e n t   we re   f u r t h e r   l i g a t e d   by  u s i n g   T4 

DNA  l i g a s e .   The  r e s u l t i n g   DNA  f r a g m e n t   i s   r e f e r r e d   to   a s  

25  PL-DNA  f r a g m e n t .  

The  e x p r e s s i o n   p l a s m i d   p H P L - 1 1 5   was  c o n s t r u c t e d  

a c c o r d i n g   t o   t h e   m e t h o d   as  m e n t i o n e d   in   E x a m p l e   1 - ( 1 ) ,  

e x c e p t   f o r   u s i n g   t h e   PL-DNA  f r a g m e n t   i n s t e a d   of   t h e   NY  -DNA 

f r a g m e n t .  

30  (2)  P r o d u c t i o n   of   T N F - 1 1 5 L  

A c c o r d i n g   to   t h e   m e t h o d   m e n t i o n e d   in   E x a m p l e  

l - ( 2 )   ,  t h e   t r a n s f o r m a n t   ( H B 1 0 1 / p H P L - 1 1 5 )   was  p r e p a r e d   a n d  

c u l t i v a t e d .   The  d e s i r e d   p o l y p e p t i d e   was  i s o l a t e d   a n d  

p u r i f i e d   f r o m   t h e   c e l l   e x t r a c t   a c c o r d i n g   t o   e s s e n t i a l l y  

35  t h e   same  m e t h o d   as  m e n t i o n e d   in   E x a m p l e   l - ( 2 ) .  
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(3)  D e t e r m i n a t i o n   of  a m i n o   a c i d   s e q u e n c e  
Amino  a c i d   s e q u e n c e s   of   t h e   p u r i f i e d   T N F - 1 1 5 L  

and  i t s   p e p t i d e   f r a g m e n t   w e r e   a n a l y z e d   by  t h e   a u t o m a t e d  

Edman  d e g r a d a t i o n   on  a  P r o t e i n   S e q u e n c e r .  

The  p e p t i d e   f r a g m e n t   was  p r e p a r e d   u n d e r   t h e  

f o l l o w i n g   c o n d i t i o n s .   F i v e   h u n d r e d   m i c r o g r a m s   of  t h e  

p u r i f i e d   TNF-115L  was  i n c u b a t e d   w i t h   10  m i c r o g r a m s   o f  

l y s y l   e n d o p e p t i d a s e   (EC  3 . 4 . 2 1 . 5 0 :   Wako  P u r e   C h e m i c a l  

I n d . )   in  5  mM  T r i c - H C l   b u f f e r   (pH  8)  c o n t a i n i n g   4M  u r e a   i n  

a  t o t a l   v o l u m e   of  0 .1   ml .   A f t e r   i n c u b a t i o n   a t   35°C  f o r   15  

h o u r s ,   t h e   r e s u l t i n g   d i g e s t e d   p e p t i d e s   w e r e   i s o l a t e d   b y  

h i g h   p e r f o r m a n c e   l i q u i d   c h r o m a t o g r a p h y   u s i n g   a  c o l u m n   o f  

S y n C h r o p a k   RP-P300   (250  x  4 .6   mm;  S y n C h r o m   I n c . )   u n d e r   t h e  

c o n d i t i o n s   of  a  l i n e a r   g r a d i e n t   e l u t i o n   f r o m   10%  to  50%  o f  

a c e t o n i t r i l e   c o n t a i n i n g   0 .07%  t r i f   l u o r o a c e t i c   a c i d ,   i n  

0.1%  t r i f   l u o r o a c e t i c   a c i d ,   a t   a  f l o w   r a t e   of  1  m l / m i n   f o r  

60  m i n u t e s .   The  e l u t i o n   p a t t e r n   i s   shown  in  F i g u r e .   5 .  

The  p e p t i d e   f r a g m e n t s   w e r e   i s o l a t e d   f r o m   e a c h   of  f r a c t i o n s  

of  No.  1  to   No.  7  in  F i g u r e   5  and  s u b j e c t e d   to   a n a l y s i s   o f  

a m i n o   a c i d   s e q u e n c e   by  t h e   a u t o m a t e d   Edman  d e g r a d a t i o n  

m e t h o d .  

The  p a r t i a l   a m i n o   a c i d   s e q u e n c e   of  p e p t i d e  

f r a g m e n t   No.  6  was  d e t e r m i n e d   t o   be  P r o - X - T y r - G l u - L e u -  

I l e - T y r - L e u - G l y - G l y - V a l - P h e - G l n - L e u - G l u .   Mark  "X"  s h o w s  

an  a m i n o   a c i d   w h i c h   c o u l d   n o t   be  d e t e r m i n e d   by  t h i s   a n a -  

l y s i s .  

The  d e t e r m i n e d   a m i n o   a c i d   s e q u e n c e   as  a b o v e   w a s  

c o m p l e t e l y   a g r e e d   w i t h   t h e   s e q u e n c e   f r o m   amino   a c i d   N o .  

H i   to   No.  125  in  T a b l e   1 0 .  

I t   was  c o n f i r m e d   t h a t   t h e   a m i n o   a c i d   a t   t h e  

1 1 5 t h   p o s i t i o n   f rom  t h e   N - t e r m i n u s   of  T N F - 1 1 5 L   was  a  

l e u c i n e   r e s i d u e .  

N - t e r m i n a l   a m i n o   a c i d   of  t h e   p u r i f i e d   T N F - 1 1 5 L  

was  a  s e r i n e   r e s i d u e ,   i n d i c a t i n g   t h a t   a  m e t h i o n i n e   r e s i d u e  

due  to   t h e   t r a n s l a t i o n   i n i t i a t i o n   c o d o n   (ATG)  was  r e m o v e d .  
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E x a m p l e   3 

P r o d u c t i o n   of   Human  TNF  P o l y p e p t i d e   M u t a n t   TNF-115LAN8  s -  

(1)  C o n s t r u c t i o n   of   an  e x p r e s s i o n   p l a s m i d  

An  e x p r e s s i o n   p l a s m i d   ( p H P L - 1 4 7 )   f o r   p r o d u c i n g   a  

5  p o l y p e p t i d e   c o n s i s t i n g   of   147  a m i n o   a c i d s   c o r r e s p o n d i n g   t o  

t h e   s e q u e n c e   f r o m   a m i n o   a c i d   No.  9  ( L y s )   t o   No.  155  ( L e u )  

in  T a b l e   10 ,   r e f e r r e d   to   as  T N F - 1 1 5 L & N 8 ,   was  c o n s t r u c t e d  

as  i l l u s t r a t e d   in   F i g u r e   6 .  

The  e x p r e s s i o n   p l a s m i d   p H P L - 1 1 5   p r e p a r e d   a s  

IQ  m e n t i o n e d   in   E x a m p l e   2 ~ ( 1 )   was  c u t   i n t o   two  DNA  f r a g m e n t s  

by  d i g e s t i o n   w i t h   r e s t r i c t i o n   e n d o n u c l e a s e s   C l a l   a n d  

B s t E I I .   The  l a r g e r   f r a g m e n t   c o n t a i n s   t h e   d o w n s t r e a m  

r e g i o n   f r o m   b a s e   No.  380  in  T a b l e   10  ( c o d i n g   r e g i o n   f o r  

C - t e r m i n a l   p o r t i o n   of  T N F - 1 1 5 L )   ,  t e t r a c y c l i n e - r e s i s t a n c e  

15  g e n e ,   a m p i c i l l i n - r e s i s t a n c e   g e n e   and  t h e   t r p   p r o m o t e r  

r e g i o n ,   w h i c h   i s   r e f e r r e d   to   as  V e c t o r - D N A   f r a g m e n t .  

The  s m a l l e r   f r a g m e n t   c o n t a i n s   t h e   r e g i o n   c o r -  

r e s p o n d i n g   t o   t h e   s e q u e n c e   f r o m   b a s e   No.  1  to   No.  379  i n  

T a b l e   10 .   T h i s   f r a g m e n t   was  f u r t h e r   d i g e s t e d   w i t h   r e -  

20  s t r i c t i o n   e n d o n u c l e a s e   HgiAI   t o   i s o l a t e   a  DNA  f r a g m e n t  

c o r r e s p o n d i n g   to   t h e   s e q u e n c e   f r o m   t h e   b a s e   No.  219  to   N o .  

3 7 9 ,   w h i c h   i s   r e f e r r e d   to   as  Hgi-DNA  f r a g m e n t .  

S e p a r a t e l y ,   t h e   e x p r e s s i o n   p l a s m i d   pHT147  p r e -  

p a r e d   as   m e n t i o n e d   in   R e f e r e n t i a l   E x a m p l e   2,  was  d i g e s t e d  

25  w i t h   r e s t r i c t i o n   e n d o n u c l e a s e s   C l a l   and   Hg iAI   to   i s o l a t e   a  

DNA  f r a g m e n t   ( a b o u t   200  bp  in   s i z e )   c o n t a i n i n g   t h e   r e g i o n  

c o r r e s p o n d i n g   t o   t h e   s e q u e n c e   f r o m   b a s e   No.  25  to   No.  2 1 8  

in  T a b l e   10 .   T h i s   DNA  f r a g m e n t   i s   r e f e r r e d   to   as  AN8-DNA 

f r a g m e n t .  

30  The  AN8-DNA  f r a g m e n t   was  l i g a t e d   w i t h   t h e   H g i - D N A  

f r a g m e n t   by  u s i n g   T4  DNA  l i g a s e ,   and  t h e n   t h e   l i g a t e d   DNA 

f r a g m e n t   was  c o m b i n e d   w i t h   t h e   V e c t o r - D N A   f r a g m e n t   p r e p a r e d  

as  a b o v e   to   c o n s t r u c t   t h e   e x p r e s s i o n   p l a s m i d   p H P L - 1 4 7 .  

(2)  P r o d u c t i o n   o f   T N F - 1 1 5 L A N 8  

35  A c c o r d i n g   to   t h e   m e t h o d   as  m e n t i o n e d   in   E x a m p l e  
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l - ( 2 ) ,   t h e   t r a n s f o r m a n t   ( H B 1 0 1 / p H P L - 1 4 7 )   was  p r e p a r e d   a n d  
c u l t i v a t e d .   The  d e s i r e d   p o l y p e p t i d e   was  i s o l a t e d   a n d  

p u r i f i e d   f rom  t h e   c e l l   e x t r a c t   a c c o r d i n g   to   e s s e n t i a l l y  
t h e   same  m e t h o d   as  m e n t i o n e d   in  E x a m p l e   l - ( 2 ) .  

5  At  t h e   N - t e r m i n u s   of   p u r i f i e d   TNF-115LAN8  ,  a  
m e t h i o n i n e   r e s i d u e   due  to   t h e   t r a n s l a t i o n   i n i t i a t i o n   c o d o n  
(ATG)  was  d e t e c t e d   by  t h e   a u t o m a t e d   Edman  d e g r a d a t i o n  

m e t h o d .  

E x a m p l e   4 

10  P r o d u c t i o n   of  Human  TNF  P o l y p e p t i d e   M u t a n t   T N F - 1 1 5 L - S e r 6 7   : -  
(1)  C o n s t r u c t i o n   of  an  e x p r e s s i o n   p l a s m i d  

An  e x p r e s s i o n   p l a s m i d   ( p H P L - S e r 6 7 )   f o r   p r o d u c i n g  
a  p o l y p e p t i d e   c o n s i s t i n g   of   155  a m i n o   a c i d s   and  h a v i n g   a n  
a m i n o   a c i d   s e q u e n c e   c o r r e s p o n d i n g   t o   t h e   s e q u e n c e   f r o m  

15  a m i n o   a c i d   No.  1  to   No.  155  in   T a b l e   10 ,   in  w h i c h   a  

c y s t e i n e   r e s i d u e   a t   a m i n o   a c i d   No.  67  was  r e p l a c e d   by  a  
s e r i n e   r e s i d u e ,   r e f e r r e d   to   as  T N F - 1 1 5 L - S e r 6 7 ,   was  c o n -  
s t r u c t e d   as  i l l u s t r a t e d   in   F i g u r e   7 .  

The  e x p r e s s i o n   p l a s m i d   pHTP392   p r e p a r e d   a s  
20  m e n t i o n e d   in   R e f e r e n t i a l   E x a m p l e   3  was  d i g e s t e d   w i t h  

r e s t r i c t i o n   e n d o n u c l e a s e s   C l a l ,   HgiAI   and  Hjpal  to   i s o l a t e  

a  DNA  f r a g m e n t   ( a b o u t   226  bp  in  s i z e )   c o n t a i n i n g   t h e   b a s e  

s e q u e n c e   f rom  b a s e   No.  1  to   No.  218  in   T a b l e   10,   bu t   i n  

w h i c h   two  b a s e s   a t   b a s e   Nos .   200  and  201  in   T a b l e   10,   G 
25  and  C,  we re   r e p l a c e d   by  C  and  T,  r e s p e c t i v e l y .   The  DNA 

f r a g m e n t   i s   r e f e r r e d   to   as  S e r 6 7 - D N A   f r a g m e n t .  

The  Ser   67  -DNA  f r a g m e n t   was  l i g a t e d   w i t h   t h e  

Hgi-DNA  f r a g m e n t   p r e p a r e d   as  m e n t i o n e d   in   E x a m p l e   3 - ( l ) ,  

and  t h e   l i g a t e d   DNA  f r a g m e n t   was  c o m b i n e d   w i t h   t h e   V e c t o r -  
30  DNA  f r a g m e n t   p r e p a r e d   as  m e n t i o n e d   in   E x a m p l e   3 - ( l )   ,  i n  

o r d e r   to   c o n s t r u c t   t h e   e x p r e s s i o n   p l a s m i d   p H P L - S e r 6 7 .  

(2)  P r o d u c t i o n   of  T N F - 1 1 5 L - S e r 6 7  

A c c o r d i n g   to   t h e   m e t h o d   as  m e n t i o n e d   in  E x a m p l e  

l - ( 2 ) ,   t h e   t r a n s f o r m a n t   ( H B 1 0 1 / p H P L - S e r 6 7 )   was  p r e p a r e d  
35  and  c u l t i v a t e d .   The  d e s i r e d   p o l y p e p t i d e   was  i s o l a t e d   a n d  
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p u r i f i e d   f r o m   t h e   c e l l   e x t r a c t   by  e s s e n t i a l l y   t h e   s a m e  

m e t h o d   as   m e n t i o n e d   in  E x a m p l e   l - ( 2 ) .  

A  m e t h i o n i n e   r e s i d u e   due  to   t h e   t r a n s l a t i o n  

i n i t i a t i o n   c o d o n   (ATG)  was  n o t   d e t e c t e d   a t   t h e   N - t e r m i n u s  

5  of  p u r i f i e d   T N F - 1 1 5 L - S e r 6 7   by  t h e   a u t o m a t e d   Edman  d e g r a d a -  

t i o n   m e t h o d .   The  N - t e r m i n a l   a m i n o   a c i d   was  s e r i n e   r e -  

s i d u e .  

E x a m p l e   5 

P r o d u c t i o n   of  Human  TNF  P o l y p e p t i d e   M u t a n t   T N F - 1 1 5 L A N 8 -  

LO  S e r 6 7 : -  

(1)  C o n s t r u c t i o n   of  an  e x p r e s s i o n   p l a s m i d  

An  e x p r e s s i o n   p l a s m i d   ( p H P L 1 4 7 S 6 7 )   f o r   p r o d u c i n g  

a  p o l y p e p t i d e   c o n s i s t i n g   of   147  a m i n o   a c i d s   and   h a v i n g   a n  

amino   a c i d   s e q u e n c e   c o r r e s p o n d i n g   t o   t h e   s e q u e n c e   f r o m  

15  amino  a c i d   No.  9  to   No.  155  in   T a b l e   10,   in  w h i c h   a  

c y s t e i n e   r e s i d u e   in  a m i n o   a c i d   No.  67  was  r e p l a c e d   by  a  

s e r i n e   r e s i d u e ,   r e f e r r e d   t o   as   T N F - 1 1 5 L A N 8 - S e r 6 7 ,   w a s  

c o n s t r u c t e d   as  i l l u s t r a t e d   in  F i g u r e   8 .  

The  e x p r e s s i o n   p l a s m i d   p H P L - S e r 6 7   p r e p a r e d   a s  

20  m e n t i o n e d   in   R e f e r e n t i a l   E x a m p l e   4 - ( l )   was  d i g e s t e d   w i t h  

r e s t r i c t i o n   e n d o n u c l e a s e s   C l a l   and  B s t E I I   to   c l e a v e   t w o  

f r a g m e n t s .   The  l a r g e r   DNA  f r a g m e n t   i s   t h e   same  f r a g m e n t  

w i t h   t h e   V e c t o r - D N A   f r a g m e n t   p r e p a r e d   in  E x a m p l e   3.  T h e  

s m a l l e r   DNA  f r a g m e n t   was  f u r t h e r   d i g e s t e d   w i t h   r e s t r i c t i o n  

25  e n d o n u c l e a s e   R s a l   to   i s o l a t e   a  DNA  f r a g m e n t   c o n t a i n i n g   t h e  

b a s e   s e q u e n c e   f r o m   b a s e   No.  161  to   No.  379  in   T a b l e   1 0 ,  

w h i c h   i s   r e f e r r e d   to   as  Rsa-DNA  f r a g m e n t .  

S e p a r a t e l y ,   t h e   e x p r e s s i o n   p l a s m i d   p H P L - 1 4 7  

p r e p a r e d   as  m e n t i o n e d   in   E x a m p l e   3 - ( l )   was  d i g e s t e d   w i t h  

30  r e s t r i c t i o n   e n d o n u c l e a s e s   C l a l   and  R s a l   to   i s o l a t e   a  DNA 

f r a g m e n t   ( a b o u t   144  bp  in   s i z e )   c o n t a i n i n g   t h e   b a s e  

s e q u e n c e   f r o m   b a s e   No.  25  to   No.  160  in  T a b l e   1 0 .  

The  144  bp-DNA  f r a g m e n t   p r e p a r e d   as  a b o v e   w a s  

l i g a t e d   w i t h   t h e   Rsa-DNA  f r a g m e n t   by  T4  DNA  l i g a s e ,   a n d  

35  t he   r e s u l t i n g   DNA  f r a g m e n t   was  c o m b i n e d   w i t h   t h e   V e c t o r -  
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5NA  f r a g m e n t   to   c o n s t r u c t   t h e   e x p r e s s i o n   p l a s m i d ,  

? H P L 1 4 7 S 6 7 ,   f o r   p r o d u c i n g   T N P - U 5 L A N 8 - S e r 6 7 .  

(2)  P r o d u c t i o n   of  T N F - 1 1 5 L A N 8 - S e r 6 7  

A c c o r d i n g   t o   t h e   m e t h o d   as  m e n t i o n e d   in   E x a m p l e  

L - ( 2 ) ,   t h e   t r a n s f o r m a n t   ( H B 1 0 1 / p H P L 1 4 7 S 6 7 )   was  p r e p a r e d  

and  c u l t i v a t e d .   The  d e s i r e d   p o l y p e p t i d e   was  I s o l a t e d   f r o m  

the   c e l l   e x t r a c t   and  p u r i f i e d   a c c o r d i n g   to   e s s e n t i a l l y   t h e  

same  m e t h o d   as  m e n t i o n e d   in   E x a m p l e   l - ( 2 ) .  

A  m e t h i o n i n e   r e s i d u e   due  to   t h e   t r a n s l a t i o n  

i n i t i a t i o n   c o d o n   (ATG)  was  d e t e c t e d   a t   t h e   N - t e r m i n u s   o f  

p u r i f i e d   T N F - 1 1 5 L A N 8 - S e r 6 7   by  t h e   a u t o m a t e d   Edman  d e g r a d a -  

t i o n   m e t h o d .  

E x a m p l e   6 

P r o d u c t i o n   of  O t h e r   Human  TNF  P o l y p e p t i d e   M u t a n t s - 1 : -  

(1)  C o n s t r u c t i o n   of   e x p r e s s i o n   p l a s m i d s  

An  e x p r e s s i o n   p l a s m i d   f o r   p r o d u c i n g   a  p o l y -  

p e p t i d e   c o n s i s t i n g   of  155  a m i n o   a c i d s   and  h a v i n g   an  a m i n o  

a c i d   s e q u e n c e   c o r r e s p o n d i n g   t o   t h e   s e q u e n c e   f rom  a m i n o  

a c i d   No.  1  to   No.  155  in   T a b l e   1,  in   w h i c h   an  a s p a r a g i n e  

r e s i d u e   in   t h e   3 2 n d   p o s i t i o n   f r o m   t h e   N - t e r m i n u s   w a s  

r e p l a c e d   by  a n o t h e r   a m i n o   a c i d ,   f o r   e x a m p l e .   H i s ,   A s p  

and  S e r ,   was  c o n s t r u c t e d   a c c o r d i n g   to   t h e   m e t h o d   a s  

m e n t i o n e d   in  E x a m p l e   1 - ( 1 ) ,   e x c e p t   f o r   u s i n g   one  of  t h e  

c h e m i c a l l y   s y n t h e s i z e d   o l i g o d e o x y r i b o n u c l e o t i d e   a d a p t o r s  

shown  b e l o w   i n s t e a d   o f   t h e   s y n t h e t i c   a d a p t e r   l a ) :  

5  '  -CGGGCCCACGCCCTCC-3  » 
3  '  -CCGGGTGCGGG-5  '  

( f o r   r e p l a c e m e n t   by  H i s ) ,  

5  '-CGGGCCGATGCCCTCC-3  '  
3  1  -CCGGCTACGGG-  5  • 

( f o r   r e p l a c e m e n t   by  A s p ) ,  

o r  

5  '-CGGGCCAGCGCCCTCC-3  1 
3  •  -CCGGTCGCGGG-5  * 

( f o r   r e p l a c e m e n t   by  S e r ) .  
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(2)  P r o d u c t i o n   of   human  TNF  p o l y p e p t i d e   m u t a n t  

Each   of   t h e   e x p r e s s i o n   p l a s m i d s   o b t a i n e d   I n  

S e c t i o n   (1)  was  i n t r o d u c e d   in  E^  c g l i   HB101  by  t h e   c o n -  
v e n t i o n a l   m e t h o d ,   and  t h e   t r a n s f o r m a n t   was  c u l t i v a t e d  

5  a c c o r d i n g   to   t h e   m e t h o d   d e s c r i b e d   in   E x a m p l e   l* - (2)   .  
The  d e s i r e d   p o l y p e p t i d e   was  p u r i f i e d   f r o m   t h e  

c e l l   e x t r a c t   by  e s s e n t i a l l y   t h e   same  m e t h o d   as   m e n t i o n e d  

in  E x a m p l e   1-  (2)  . 
T h e r e   w e r e   o b t a i n e d   t h e   f o l l o w n g   human  TNF 

10  p o l y p e p t i d e   m u t a n t s ,  

T N F - 3 2 H :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I ]   in  w h i c h  

32nd   Asn  was  r e p l a c e d   by  H i s .  

T N F - 3 2 D :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

15  s e q u e n c e   of  f o r m u l a   I I ]   in   w h i c h  

32nd   Asn  was  r e p l a c e d   by  A s p .  

T N F - 3 2 S :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   II  J  in   w h i c h  

32nd   Asn  was  r e p l a c e d   by  S e r .  

20  E x a m p l e   7 

P r o d u c t i o n   o f   O t h e r   Human  TNF  P o l y p e p t i d e   M u t a n t s - 2 : -  

(1)  C o n s t r u c t i o n   of   e x p r e s s i o n   p l a s m i d s  

An  e x p r e s s i o n   p l a s m i d   f o r   p r o d u c i n g   a  p o l y -  

p e p t i d e   c o n s i s t i n g   of   155  amino   a c i d s   and  h a v i n g   an  a m i n o  

25  a c i d   s e q u e n c e   c o r r e s p o n d i n g   to   t h e   s e q u e n c e   f rom  a m i n o  

a c i d   No.  1  to   No.  155  in   T a b l e   1,  in  w h i c h   a  p r o l i n e  

r e s i d u e   in   t h e   1 1 5 t h   p o s i t i o n   f rom  t h e   N - t e r m i n u s   w a s  

r e p l a c e d   by  a n o t h e r   a m i n o   a c i d ,   f o r   e x a m p l e ,   S e r ,   A s p  
and  G l y ,   was  c o n s t r u c t e d   a c c o r d i n g   t o   t h e   m e t h o d   a s  

30  m e n t i o n e d   in   E x a m p l e   2 - ( l ) ,   e x c e p t   f o r   u s i n g   one  of  t h e  

c h e m i c a l l y   s y n t h e s i z e d   o l i g o d e o x y r i b o n u c l e o t i d e   a d a p t e r s  
shown  b e l o w   i n s t e a d   of   t h e   s y n t h e t i c   a d a p t e r   I d ] :  
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5  '  -TGAGGCCAAGCCCTGGTATGAGTCCAT-3  • 

3  •  -CCGGTTCGGGACCATACTCAG-5  • 

( f o r   r e p l a c e m e n t   by  S e r ) ,  

5  '  -TGAGGCCAAGCCCTGGTATGAGGACAT-3  • 
3  '  -CCGGTTCGGGACCATACTCCT-5  * 

( f o r   r e p l a c e m e n t   by  A s p ) ,  

5  '-TGAGGCCAAGCCCTGGTATGAGGGCAT-3  @ 
3  •  -CCGGTTCGGGACCATACTCCC-5  '  

( f o r   r e p l a c e m e n t   by  G l y )  

12)  P r o d u c t i o n   of  human  TNF  p o l y p e p t i d e   m u t a n t s  

E a c h   of  t h e   e x p r e s s i o n   p l a s m i d s   o b t a i n e d   i n  
S e c t i o n   (1)  was  i n t r o d u c e d   in  c o l i   HB101  by  t h e   c o n -  
v e n t i o n a l   m e t h o d ,   and   t h e   t r a n s f o r m a n t   was  c u l t i v a t e d  

a c c o r d i n g   t o   t h e   m e t h o d   d e s c r i b e d   in   E x a m p l e   l - ( 2 )   . 
The  d e s i r e d   p o l y p e p t i d e   was  i s o l a t e d   a n d  

p u r i f i e d   f r o m   t h e   c e l l   e x t r a c t   by  e s s e n t i a l l y   t h e   s a m e  
m e t h o d   as  d e s c r i b e d   i n   E x a m p l e   l - ( 2 )   .  

T h e r e   w e r e   o b t a i n e d   t h e   f o l l o w n g   human  TNF 

p o l y p e p t i d e   m u t a n t s .  

T N F - 1 1 5 S :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   .of  f o r m u l a   ( I I   in   w h i c h  

1 1 5 t h   Pro  was  r e p l a c e d   by  S e r .  

T N F - 1 1 5 D :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I I   in   w h i c h  

1 1 5 t h   Pro   was  r e p l a c e d   by  A s p .  
T N F - 1 1 5 G :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I I   in   w h i c h  

1 1 5 t h   Pro  was  r e p l a c e d   by  G l y .  

E x a m p l e   8 

P r o d u c t i o n   of  Human  TNF  P o l y p e p t i d e   M u t a n t   T N F - 1 1 7 H ,  

r e f e r r e d   to   as  T N F - 1 1 7 H : -  

(1)  C o n s t r u c t i o n   of   e x p r e s s i o n   p l a s m i d s  

An  e x p r e s s i o n   p l a s m i d   f o r   p r o d u c i n g   a  p o l y -  

p e p t i d e   c o n s i s t i n g   of   155  amino   a c i d s   and  h a v i n g   an  a m i n o  

a c i d   s e q u e n c e   c o r r e s p o n d i n g   to  t h e   s e q u e n c e   f r o m   a m i n o  

a c i d   No.  1  to   No.  155  in   T a b l e   1,  in  w h i c h   a  t y r o s i n e  
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r e s i d u e   in   t h e   1 1 7 t h   p o s i t i o n   f r o m   t h e   N - t e r m i n u 0 2 $ s ]   0 3 7  
r e p l a c e d   by  a n o t h e r   a m i n o   a c i d ,   f o r   e x a m p l e ,   B i s ,   w a s  

c o n s t r u c t e d   a c c o r d i n g   to   t h e   m e t h o d   as  m e n t i o n e d   i n  

E x a m p l e   2 - ( l )   ,  e x c e p t   f o r   u s i n g   a  c h e m i c a l l y   s y n t h e s i z e d  

o l i g o d e o x y r i b o n u c l e o t i d e   a d a p t e r   s h o w n   b e l o w   i n s t e a d   o f  

5  t h e   s y n t h e t i c   a d a p t e r   t e l :  

5  '  -CCATCTGGGAGGGGTCTTCCAG-3  '  
3  '  -GTAGGTAGACCCTCCCCAGAAGGTC-5  • 

10  (2)  P r o d u c t i o n   of   T N F - 1 1 7 H  

The  e x p r e s s i o n   p l a s m i d   o b t a i n e d   in   S e c t i o n   ( 1 )  
was  i n t r o d u c e d   in  E^  c o l i   HB101  by  t h e   c o n v e n t i o n a l  
m e t h o d ,   and  t h e   t r a n s f o r m a n t   was  c u l t i v a t e d   a c c o r d i n g   t o  
t h e   m e t h o d   d e s c r i b e d   in  E x a m p l e   l - ( 2 ) .  

15  The  d e s i r e d   p o l y p e p t i d e   was  i s o l a t e d   and   p u r i -  
f i e d   f r o m   t h e   c e l l   e x t r a c t   by  e s s e n t i a l l y   t h e   s ame   m e t h o d  
as  m e n t i o n e d   in   E x a m p l e   l - ( 2 ) .  

E x a m p l e   9 

20  P r o d u c t i o n   of   O t h e r   Human  TNF  P o l y p e p t i d e   M u t a n t s - 3 : -  

In  a c c o r d a n c e   w i t h   E x a m p l e   1,  e x p r e s s i o n  

p l a s m i d s   f o r   p r o d u c t i o n   of  t h e   f o l l o w i n g   p o l y p e p t i d e s   w e r e  

c o n s t r u c t e d .   E s c h e r i c h i a   c o l i   was  t r a n s f o r m e d   w i t h   t h e  

e x p r e s s i o n   p l a s m i d s .   The  t r a n s f o r m a n t s   w e r e   c u l t u r e d ,   a n d  

25  t h e   p o l y p e p t i d e s   w e r e   i s o l a t e d   and  p u r i f i e d .  

T N F - 1 6 V :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   [ I I   in   w h i c h   1 6 t h  

Ala   was  r e p l a c e d   by  V a l  

T N F - 3 1 T :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

30  s e q u e n c e   of  f o r m u l a   [ I ]   in   w h i c h   3 1 s t  

Ala   was  r e p l a c e d   by  T h r  

T N F - 3 2 G :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   ( I ]   in   w h i c h   3 2 n d  

Asn  was  r e p l a c e d   by  G l y  

35 
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T N F - 3 2 L :   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of   f o r m u l a   [I]   in  w h i c h   3 2 n d  

Asn  was  r e p l a c e d   by  L e u  

TNF-36V:   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of   f o r m u l a   [I]   in  w h i c h   3 6 t h  

Ala   was  r e p l a c e d   by  V a l  
T N F - 7 3 P :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   CI]  in   w h i c h   7 3 r d  
Leu  was  r e p l a c e d   by  P r o  

TNF-82D:   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of   f o r m u l a   [ I ]   in  w h i c h   8 2 n d  

Ala   was  r e p l a c e d   by  A s p  

pi   5 . 3   ( i t s   i s o e l e c t o r i c   p o i n t   was  5 . 3 )  
TNF-85Hs  P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [ I ]   in  w h i c h   8 5 t h  

Tyr   was  r e p l a c e d   by  H i s  

p i   6 .4   ( i t s   i s o e l e c t o r i c   p o i n t   was  6 . 4 )  
TNF-98H:   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of   f o r m u l a   I I ]   in  w h i c h   9 8 t h  

Pro   was  r e p l a c e d   by  H i s  

T N F - 1 0 3 P :   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of   f o r m u l a   I I I   in  w h i c h   1 0 3 r d  

Thr  was  r e p l a c e d   by  P r o  

TNF-115T:   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   o f   f o r m u l a   (13  in   w h i c h   1 1 5 t h  

P ro   was  r e p l a c e d   by  T h r  

TNF-115H:   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of   f o r m u l a   II)   in  w h i c h   1 1 5 t h  

P ro   was  r e p l a c e d   by  H i s  

r N F - 1 1 5 R :   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of   f o r m u l a   II]   in  w h i c h   1 1 5 t h  

Pro   was  r e p l a c e d   by  A r g  
r N F - 1 3 1 1 :   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of   f o r m u l a   I I ]   in  w h i c h   1 3 1 s t  

Ser   was  r e p l a c e d   by  H e  
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T N F - U l V i   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   o£  f o r m u l a   [13  in   w h i c h   1 4 1 s t  

Asp  was  r e p l a c e d   by  T y r  

T N P - 1 4 3 V :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

5  s e q u e n c e   of   f o r m u l a   [13  in   w h i c h   1 4 3 r d  

Ala   was  r e p l a c e d   by  V a l  

T N F - 1 4 4 K :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   I I ]   in   w h i c h   1 4 4 t h  

Glu  was  r e p l a c e d   by  L y s  

10  T N F - 1 4 6 E :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   o f   f o r m u l a   [13  in   w h i c h   1 4 6 t h  

Gly  was  r e p l a c e d   by  G l u  

E x a m p l e   1 0  

P r o d u c t i o n   of   O t h e r   Human  TNF  P o l y p e p t i d e   M u t a n t s - 4 : -  

15  In  a c c o r d a n c e   w i t h   E x a m p l e   1,   e x p r e s s i o n  

p l a s m i d s   f o r   p r o d u c t i o n   of  t h e   f o l l o w i n g   p o l y p e p t i d e s   w e r e  

c o n s t r u c t e d .   E s c h e r i c h i a   c o l i   was  t r a n s f o r m e d   w i t h   t h e  

e x p r e s s i o n   p l a s m i d s .   The  t r a n s f o r m a n t s   w e r e   c u l t u r e d   t o  

p r o d u c e   t h e   p o l y p e p t i d e s .  

20  TNF  -32   A:  P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   o f   f o r m u l a   [13  in   w h i c h   3 2 n d  

Asn  was  r e p l a c e d   by  A l a  

T N F - 3 2 C :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [13  in   w h i c h   3 2 n d  

25  Asn  was  r e p l a c e d   by  C y s  

T N F - 3 2 I :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [13  in   w h i c h   3 2 n d  

Asn  was  r e p l a c e d   by  H e  

T N F - 3 2 R :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

30  s e q u e n c e   o f   f o r m u l a   [13  in   w h i c h   3 2 n d  

Asn  was  r e p l a c e d   by  A r g  

T N F - 3 2 T :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [13  in   w h i c h   3 2 n d  

Asn  was  r e p l a c e d   by  T h r  
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TNF-32Vt   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   ( I ]   in   w h i c h   3 2 n d  

Asn  was  r e p l a c e d   by  V a l  

T N F - 3 4 I :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

5  s e q u e n c e   of   f o r m u l a   ( I ]   in  w h i c h   3 4 t h  

Leu  was  r e p l a c e d   by  H e  

TNF-48M:  P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   ( I I   in  w h i c h   4 8 t h  

Val   was  r e p l a c e d   by  M e t  

10  T N F - 8 9 I :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   113  in  w h i c h   8 9 t h  

Val  was  r e p l a c e d   by  H e  

T N F - 9 4 T t   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   (13  in  w h i c h   9 4 t h  

15  Ala   was  r e p l a c e d   by  T h r  

t n f - 9 7 N i   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [ I ]   in  w h i c h   9 7 t h  

Ser   was  r e p l a c e d   by  A s n  

T N F - 9 8 L :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

20  s e q u e n c e   of  f o r m u l a   [13  in   w h i c h   9 8 t h  

Pro   was  r e p l a c e d   by  L e u  

T N F - 1 1 3 C :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [13  in  w h i c h   1 1 3 t h  

Tyr  was  r e p l a c e d   by  C y s  

25  T N F - 1 1 5 Q :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   o f   f o r m u l a   [13  in   w h i c h   115  t h  

P ro   was  r e p l a c e d   by  G i n  

T N F - 1 1 5 A :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [ I ]   in  w h i c h   1 1 5 t h  

30  P ro   was  r e p l a c e d   by  A l a  

T N F - 1 1 5 F :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   (13  in  w h i c h   1 1 5 t h  

P ro   was  r e p l a c e d   by  P h e  

TNF-115N:   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [13  in  w h i c h   1 1 5 t h  

Pro   was  r e p l a c e d   by  A s n  
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T N F - 1 1 5 Y :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   £11  in   w h i c h   1 1 5 t h  

P ro   was  r e p l a c e d   by  T y r  

T N F - 1 1 5 V :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   113  in   w h i c h   1 1 5 t h  

P ro   was  r e p l a c e d   by  V a l  

T N F - 1 1 5 E :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [13  in   w h i c h   1 1 5 t h  

P ro   was  r e p l a c e d   by  G l u  

0  TNF-115M:   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   II  3  in  w h i c h   1 1 5 t h  

Pro   was  r e p l a c e d   by  M e t  

T N F - 1 1 5 I :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   o f   f o r m u l a   113  in   w h i c h   1 1 5 t h  

5  Pro   was  r e p l a c e d   by  H e  

TNF-115W:   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   o f   f o r m u l a   113  in   w h i c h   1 1 5 t h  

Pro   was  r e p l a c e d   by  T r p  

T N F - 1 1 5 K :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [13  in   w h i c h   1 1 5 t h  

Pro   was  r e p l a c e d   by  L y s  

T N F - 1 1 8 Q :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   o f   f o r m u l a   [13  in   w h i c h   1 1 8 t h  

Leu  was  r e p l a c e d   by  G i n  

i5  T N F - 1 3 2 T :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   o f   f o r m u l a   (13  in  w h i c h   1 3 2 n d  

Ala   was  r e p l a c e d   by  T h r  

T N F - 1 4 5 C :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [13  in  w h i c h   1 4 5 t h  

3Q  Ser   was  r e p l a c e d   by  C y s  

T N F - 1 5 3 L :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   [13  in   w h i c h   1 5 3 r d  

H e   was  r e p l a c e d   by  L e u  
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R e f e r e n t i a l   E x a m p l e   1 

C o n s t r u c t i o n   of   an  E x p r e s s i o n   P l a s m i d   f o r   P r o d u c i n g   Human  
T N F : -  

The  c l o n e d   cDNA  e n c o d i n g   human  TNF  was  i s o l a t e d  
by  d i g e s t i o n   w i t h   r e s t r i c t i o n   e n d o n u c l e a s e   P s t I ,   f r om  t h e  
r e c o m b i n a n t   p l a s m i d   pHTNF13  p r e p a r e d   a c c o r d i n g   to   t h e  
m e t h o d   d e s c r i b e d   in   E u r o p e a n   P a t e n t   P u b l i c a t i o n   No.  1 5 5 5 4 9 .  

The  c l o n e d   cDNA  was  d i g e s t e d   w i t h   r e s t r i c t i o n  
e n d o n u c l e a s e   EcoRI   to   s p l i t   o f f   p a r t   of  t h e   n o n - c o d i n g  
r e g i o n   d o w n s t r e a m   of  t h e   TNF  c o d i n g   r e g i o n .   The  r e s u l t i n g  
DNA  f r a g m e n t   ( a b o u t   1 .1   kbp)  was  i n s e r t e d   i n t o   a  l a r g e r  
DNA  f r a g m e n t   p r e p a r e d   f r o m   a  p l a s m i d   pBR322  by  d i g e s t i o n  
w i t h   r e s t r i c t i o n   e n d o n u c l e a s e s   P s t l   and  EcoRI   to   c o n s t r u c t  
a  r e c o m b i n a n t   p l a s m i d   i n c l u d i n g   TNF  cDNA  and  a  t e t r a c y c l i n e -  
r e s i s t a n c e   g e n e ,   w h i c h   was  named  p H T 1 1 3 .  

The  r e c o m b i n a n t   p l a s m i d   pHT113  was  d i g e s t e d   w i t h  
r e s t r i c t i o n   e n d o n u c l e a s e s   A v a l   and  S a i l   to   c u t   i t   i n t o  
t h r e e   f r a g m e n t s   ( a b o u t   0 . 8   kbp ,   1 . 3   kbp  and  2 .6   kbp  i n  
s i z e ) .   The  1 . 3   kbp-DNA  f r a g m e n t   i n c l u d i n g   m o s t   of  t h e  
c o d i n g   r e g i o n   f o r   t h e   human  TNF  and  p a r t   of  t e t r a c y c l i n e -  
r e s i s t a n c e   g e n e   was  i s o l a t e d   ( t o   be  r e f e r r e d   to   as  A v a l -  
S a l l   f r a g m e n t )   .  The  A v a l - S a i l   f r a g m e n t   was  l i g a t e d   w i t h  
t h e   f o l l o w i n g   c h e m i c a l l y   s y n t h e s i z e d   o l i g o d e o x y r i b o -  
n u c l e o t i d e   a d a p t e r   If  3  . 

5  '  -CGATATGTCATCTTCTCGAACC  -3  '  If   3 
3  *  -TATACAGTAGAAGAGCTTGGGGCT-5  ' 

The  r e s u l t i n g   DNA  f r a g m e n t   i s   r e f e r r e d   to   a s  
3TNF  - a d a p t e r   f r a g m e n t .  

S e p a r a t e l y ,   a  DNA  f r a g m e n t   (35  bp)  i n c l u d i n g  
p a r t   of   t h e   t r p   p r o m o t e r   r e g i o n   was  c u t   o u t   f r o m   a  p l a s m i d  
?DR720  IP -L   B i o c h e m i c a l s ;   D.  R.  R u s s e l l ,   e t   a l . ,   Gene ,   2 0 ,  
231  ( 1 9 8 3 ) 3   by  d i g e s t i n g   w i t h   r e s t r i c t i o n   e n d o n u c l e a s e s  
ScoRI  and  H p a l .   The  n u c l e o t i d e   s e q u e n c e   of  t h e   i s o l a t e d  
J  5  bp-DNA  f r a g m e n t   i s   as  f o l l o w s :  
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5  '  -AATTCCCCTGTTGACAATTAATCATCGAACTAGTT-3  1 

3  1  -GGGGACAACTGTTAATTAGTAGCTTGATCAA-5  '  

The  35  bp-DNA  f r a g m e n t   was  l i g a t e d   w i t h   a  c h e m i -  

c a l l y   s y n t h e s i z e d   a d a p t e r   r e p r e s e n t e d   by  t h e   f o l l o w i n g  

f o r m u l a :  

5  5  '  -AACTAGTACGCAAGTTCACGTAAAAAGGGTAAT-3  1  I  g  1  @ 
3  *  -TTGATCATGCGTTCAAGTGCATTTTTCCCATTAGC-5  ' 

The  r e s u l t i n g   DNA  f r a g m e n t   i s   r e f e r r e d   to   as  t r p  

p r o m o t e r   f r a g m e n t .  

A  p l a s m i d   pBR322  was  d i g e s t e d   w i t h   r e s t r i c t i o n  

e n d o n u c l e a s e s   EcoRI   and   S a i l ,   and  t h e n   t h e   l a r g e r   DNA 

LO  f r a g m e n t   ( a b o u t   3 . 7   kbp)   was  i s o l a t e d .  

An  e x p r e s s i o n   p l a s m i d   f o r   p r o d u c i n g   human  TNF 

c o n s i s t i n g   of   155  a m i n o   a c i d s   c o r r e s p o n d i n g   to   t h e   a m i n o  

a c i d   s e q u e n c e   f r o m   a m i n o   a c i d   No.  79  to   No.  233  in   T a b l e  

8,  was  c o n s t r u c t e d   by  s e q u e n t i a l   l i g a t i o n   o f   t h e s e   t h r e e  

L5  DNA  f r a g m e n t s ,   t h e   H T N F - a d a p t e r   f r a g m e n t ,   t h e   t r p   p r o m o t e r  

f r a g m e n t   and  t h e   l a r g e r   pBR322  f r a g m e n t   ( a b o u t   3 . 7   kbp)   a s  

i l l u s t r a t e d   in  F i g u r e .   9 .  

The  e x p r e s s i o n   p l a s m i d   was  named  p H T R 9 1 .  

R e f e r e n t i a l   E x a m p l e   2  

20  C o n s t r u c t i o n   of   an  E x p r e s s i o n   P l a s m i d   f o r   P r o d u c i n g   a  

M o d i f i e d   Human  TNF  P o l y p e p t i d e   (147)   : -  

An  e x p r e s s i o n   p l a s m i d   (pHT147)   f o r   p r o d u c i n g   a  

m o d i f i e d   human  TNF  p o l y p e p t i d e   c o n s i s t i n g   o f   147  a m i n o  

a c i d s   c o r r e s p o n d i n g   t o   a m i n o   a c i d   No.  84  t o   No.  233  s h o w n  

25  in   T a b l e   8,  w h i c h   i s   r e f e r r e d   to   as  p o l y p e p t i d e   TNF  ( 1 4 7 ) ,  

was  c o n s t r u c t e d   as  i l l u s t r a t e d   in  F i g .   1 0 .  

The  r e c o m b i n a n t   p l a s m i d   pHTR91  p r e p a r e d   a s  

m e n t i o n e d   in   R e f e r e n t i a l   E x a m p l e   1  was  d i g e s t e d   w i t h  

r e s t r i c t i o n   e n d o n u c l e a s e s   C l a l   and  B a l l   t o   c u t   i t   i n t o  

30  f o u r   DNA  f r a g m e n t s .   Two  s m a l l e r   DNA  f r a g m e n t s   ( a b o u t   1 1 3  

bp  and  0 .6   kbp  in   s i z e )   were   i s o l a t e d   by  5%  p o l y a c r y l a m i d e  
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g e l   e l e c t r o p h o r e s i s .   The  s m a l l e s t   DNA  f r a g m e n t   (113  b p )  
was  f u r t h e r   d i g e s t e d   w i t h   r e s t r i c t i o n   e n d o n u c l e a e   DdeX  t o  
c u t   i t   i n t o   two  f r a g m e n t   (47  bp  and  66  b p ) ,   and  t h e   4 7  
bp-DNA  f r a g m e n t   was  i s o l a t e d   ( t o   be  r e f e r r e d   to   as  47  
bp -   f r a g m e n t )   .  

The  47  b p - f r a g m e n t   was  l i g a t e d   w i t h   two  c h e m i -  
c a l l y   s y n t h e s i z e d   a d a p t e r s   r e p r e s e n t e d   by  t h e   f o l l o w i n g  
f o r m u l a e :  

5  '  -CGATTATGAAGCCTGTAG-3  *  (  h  J 
3  '  -  TAATACTTCGGACATCGGG-  5  '  

a n d  

5  @  -CCCATGTTGTAGCAAACCCTCAAGC-3  '  I  i  ] 
3  '  -TACAACATCGTTTGGGAGTTCGACT-5  1 

F u r t h e r m o r e ,   t h e   r e s u l t i n g   DNA  f r a g m e n t   w a s  
l i g a t e d   w i t h   t h e   f o l l o w i n g   c h e m i c a l l y   s y n t h e s i z e d   a d a p t e r  
I j l .  

5  '  -AACTAGTACGCAAGTTCACGTAAGGAGGTTAT-3  •  1  1  ] 
3  '-TTGATCATGCGTTCAAGTGCATTCCTCCAATAGC-5  1 

The  l i g a t e d   DNA  f r a g m e n t   i s   r e f e r r e d   to   a s  
5'  -DNA  f r a g m e n t .  

S e p a r a t e l y ,   a  DNA  f r a g m e n t   ( a b o u t   380  bp  i n  
s i z e )   c o n t a i n i n g   t h e   trp_  p r o m o t e r   r e g i o n   was  i s o l a t e d   f r o m  
a  p l a s m i d   pCT-1   £M.  I k e h a r a   e t   a l . ,   P r o c .   N a t l .   Acad .   S c i .  
USA,  81,   5956  ( 1 9 8 4 ) ]   by  d o u b l e   d i g e s t i o n   w i t h   r e s t r i c t i o n  
e n d o n u c l e a s e s   Hpa l   and  A a t l l .  

The  b a s e   s e q u e n c e   of   t h e   trp_  p r o m o t e r   r e g i o n   o f  
the   a b o v e   380  bp  DNA  f r a g m e n t   was  r e p o r t e d   by  B e n n e t t   e t  
a l .   I J .   Mol.   B i o l . ,   121 ,   113  ( 1 9 7 8 ) ] .   T h i s   DNA  f r a g m e n t  
was  c o m b i n e d   w i t h   t h e   5 '   -DNA  f r a g m e n t   by  u s i n g   T4  DNA 
l i g a s e .  

The  l i g a t e d   DNA  f r a g m e n t   i s   r e f e r r e d   to   a s  
P r o m o t e   r -5   '-DNA  f r a g m e n t .  

The  DNA  f r a g m e n t   (487  bp  i n   s i z e )   c o n t a i n i n g  
a  b a s e   s e q u e n c e   c o r r e s p o n d i n g   to   t h e   C - t e r m i n a l   r e g i o n  
5f  human  TNF  p o l y p e p t i d e   was  c u t   o u t   f r o m   t h e   r e c o m b i n a n t  



-  50  -  

p l a s m i d   pHTR91  p r e p a r e d   as  m e n t i o n e d   in   R e f e r e n t i a l  

E x a m p l e   1,  by  d o u b l e   d i g e s t i o n   w i t h   r e s t r i c t i o n   e n d o -  

n u c l e a s e s   B a l l   and  H i n d i !   I ,   and  i s o l a t e d .  

T h i s   DNA  f r a g m e n t   was  l i g a t e d   w i t h   t h e   P r o m o t e r -  

5  5  '  -DNA  f r a m g e n t   by  T4  DNA  l i g a s e .   The  l i g a t e d   DNA  f r a g -  

ment   i s   r e f e r r e d   to   as  P r o m o t e   r-TNF  (  147  )  -DNA  f r a g m e n t .  

S e p a r a t e l y ,   t h e   p l a s m i d   v e c t o r   pBRS6  as  s h o w n   i n  

E x a m p l e   1 - ( 1 )   was  c l e a v e d   w i t h   r e s t r i c t i o n   e n d o n u c l e a s e s  

A a t l l   and   H i n d l l l   i n t o   two  f r a g m e n t s .   The  l a r g e r   DNA 

0  f r a g m e n t   ( a b o u t   3 . 6   kbp)   was  i s o l a t e d ,   and   l i g a t e d   b y  

u s i n g   T4  DNA  l i g a s e   w i t h   t h e   P r o m o t e r - T N F   (147)   -DNA  f r a g -  

ment   p r e v i o u s l y   p r e p a r e d   in   o r d e r   to   c o n s t r u c t   an  e x p r e s -  

s i o n   p l a s m i d   pTH147  f o r   p r o d u c i n g   t h e   p o l y p e p t i d e  

TNF  (147)   .  

5  R e f e r e n t i a l   E x a m p l e   3 

C o n s t r u c t i o n   of   an  E x p r e s s i o n   P l a s m i d   f o r   P r o d u c i n g   H u m a n  

TNF  P o l y p e p t i d e   M u t a n t   T N F - 6 7 S : -  

An  e x p r e s s i o n   p l a s m i d   (pHTP392)   f o r   p r o d u c i n g   a  

p o l y p e p t i d e   c o n s i s t i n g   of  155  amino   a c i d   and   h a v i n g   a n  

>0  amino   a c i d   s e q u e n c e   c o r r e s p o n d i n g   to   t h e   s e q u e n c e   f r o m  

a m i n o   a c i d   No.  1  t o   No.  155  in  T a b l e   1,  in   w h i c h   a  

c y s t e i n e   r e s i d u e   in   t h e   6 7 t h   p o s i t i o n   f r o m   t h e   N - t e r m i n u s  

was  r e p l a c e d   by  a  s e r i n e   r e s i d u e ,   r e f e r r e d   t o   as  T N F - 6 7 S ,  

was  c o n s t r u c t e d   as   i l l u s t r a t e d   in   F i g u r e .   1 1 .  

25  The  r e c o m b i n a n t   p l a s m i d   pHTR91  p r e p a r e d   a s  

m e n t i o n e d   in   R e f e r e n t i a l   E x a m p l e   1  was  d i g e s t e d   w i t h  

r e s t r i c t i o n   e n d o n u c l e a s e s   A v a l   and  H i n d l l l   t o   i s o l a t e  

a b o u t   600  bp  DNA  f r a g m e n t   c o r r e s p o n d i n g   t o   t h e   b a s e  

s e q u e n c e   of  t h e   d o w n s t r e a m   r e g i o n   f r o m   b a s e   No.  250  i n  

30  T a b l e   8.  The  600  bp-DNA  f r a g m e n t   was  f u r t h e r   d i g e s t e d  

w i t h   r e s t r i c t i o n   e n d o n u c l e a s e s   A v a i l   and   H g i A I   t o   c l e a v e  

i t   i n t o   t h r e e   DNA  f r a g m e n t s   ( a b o u t   162  bp ,   41  bp  and  3 7 5  

bp  in   s i z e )   ,  and   t h e   162  bp-DNA  f r a g m e n t   and  375  b p - D N A  

f r a g m e n t   we re   i s o l a t e d   by  p o l y a c r y l a m i d e   g e l   e l e c t r o -  

35  p h o r e s i s .  
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T h e s e   DNA  f r a g m e n t s   w e r e   l i g a t e d   w i t h   t h e   f o l -  

l o w i n g   two  c h e m i c a l l y   s y n t h e s i s e d   o l i g o d e o x y r i b u n u c l e o t i d e  

a d a p t e r s ,   (kl  and  [ 1 ] ,   by  u s i n g   T4  DNA  l i g a s e .  

a n d  

5  1  -GTCCTCTTCAAGGGCCAA-3  '  I  k  1 
3  '  -GAGAAGTTCCCGGTTCCGA-5  ' 

5  '  -GGCTCTCCCTCCACCCATGTGCT-3  *  1  1  J 
3  '  -  GAGGGAGGTGGGTAC  -5  '  

F u r t h e r m o r e ,   t h e   r e s u l t i n g   DNA  f r a g m e n t   w a s  

s e q u e n t i a l l y   l i g a t e d   w i t h   t h e   f o l l o w i n g   two  c h e m i c a l l y  

s y n t h e s i z e d   o l i g o d e o x y r i b o n u c l e o t i d e   a d a p t e r s ,   t j J   a n d  

[ m l .  

a n d  

5  '  -AACTAGTACGCAAGTTCACGTAAGGAGGTTAT-3  *  I  j  J 
3  '  -TTGATCATGCGTTCAAGTGCATTCCTCCAATAGC-5  • 

5  '  -CG  ATTATGTCATCTTCTCG  AACC  -3  •  I  O  J 
3  '  -TAATACAGTAGAAGAGCTTGGGGCT-5  » 

The  r e s u l t i n g   DNA  f r a g m e n t   i s   r e f e r r e d   to   a s  
TNF  ( S e r 6 7 )   -DNA  f r a g m e n t .  

The  DNA  f r a g m e n t   ( a b o u t   380  bp)  c o n t a i n i n g   t h e  

t r p   p r o m o t e r   r e g i o n   was  i s o l a t e d   f r o m   a  p l a s m i d   pCT-1   b y  
d o u b l e   d i g e s t i o n   w i t h   r e s t r i c t i o n   e n d o n u c l e a s e s   Hpa l   a n d  

A a t l l   as  shown  in  R e f e r e n t i a l   E x a m p l e   2 .  

T h i s   DNA  f r a g m e n t   was  c o m b i n e d   w i t h   t h e  

TNF  ( S e r 6 7 )   -DNA  f r a m g n e t   by  u s i n g   T4  DNA  l i g a s e .   T h e  

l i g a t e d   DNA  f r a g m e n t   i s   r e f e r r e d   to   as  P r o m o t e r -  

TNF  ( S e r 6 7 )   -DNA  f r a g m e n t .  

S e p a r a t e l y ,   t h e   p l a s m i d   v e c t o r   pBRS6  p r e p a r e d  

as  m e n t i o n e d   in  E x a m p l e   1 - ( 1 )   was  c l e a v e d   w i t h   r e s t r i c t i o n  

e n d o n u c l e a s e s   A a t l l   and  H i n d l l l   i n t o   two  f r a g m e n t s .   T h e  

l a r g e r   DNA  f r a g e m n t   ( a b o u t   3 . 6   kbp)   was  i s o l a t e d ,   a n d  

l i g a t e d   by  T4  DNA  l i g a s e   w i t h   t h e   P r o m o t e r - T N F ( S e r 6 7 ) - D N A  

f r a g m e n t   p r e v i o u s l y   p r e p a r e d   in   o r d e r   to   c o n s t r u c t   e x p r e s -  
s i o n   p l a s m i d   pHTP392  f o r   p r o d u c i n g   t h e   T N F - 6 7 S .  
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In  a c c o r d a n c e   w i t h   E x a m p l e   l - ( 2 )   ,  t h e   p l a s m i d  

was  i n t r o d u c e d   i n t o   E s c h e r i c h i a   c o l i .   The  t r a n s f o r m a n t  

was  c u l t u r e d   to   p r o d u c e   T N F - 6 7 S .  

R e f e r e n t i a l   E x a m p l e   4  

5  E x p r e s s i o n   p l a s m i d s   f o r   p r o d u c t i o n   of  t h e   f o l -  

l o w i n g   p o l y p e p t i d e s   w e r e   c o n s t r u c t e d   in   a c c o r d a n c e   w i t h  

E x a m p l e   1 - ( 1 )   and  (2)  .  The  p o l y p e p t i d e s   we re   p r o d u c e d   i n  

E s c h e r i c h i a   c o l i   t r a n s f o r m e d   w i t h   t h e   e x p r e s s i o n   p l a s m i d s .  

TNF-70Y:   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

L0  s e q u e n c e   of   f o r m u l a   II]   in   w h i c h   7 0 t h  

Thr   was  r e p l a c e d   by  T y r  

T N F - 9 9 S :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [ I ]   in   w h i c h   9 9 t h  

Cys  was  r e p l a c e d   by  S e r  

15  R e f e r e n t i a l   E x a m p l e   5  

In  a c c o r d a n c e   w i t h   E x a m p l e   1 - ( 1 )   and  ( 2 ) ,   e x -  

p r e s s i o n   p l a s m i d s   f o r   p r o d u c t i o n   o f   t h e   f o l l o w i n g   p o l y -  

p e p t i d e s   we re   c o n s t r u c t e d .   A t t e m p t s   w e r e   made  to   p r o d u c e  

t h e   p o l y p e p t i d e s   i n   E s c h e r i c h i a   c o l i   t r a n s f o r m e d   w i t h  

20  t h e s e   e x p r e s s i o n   p l a s m i d s .   T h e s e   p o l y p e p t i d e s   c o u l d   n o t  

be  e x t r a c t e d   as  s o l u b l e   p o l y p e p t i d e s   or   c o u l d   be  e x t r a c t e d  

o n l y   in  s m a l l   a m o u n t s .  

T N F - 1 2 T :   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   o f   f o r m u l a   II]   in  w h i c h   1 2 t h  

25  A l a   was  r e p l a c e d   by  T h r  

TNF-13Y:   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of  f o r m u l a   £1]  in   w h i c h   1 3 t h  

His   was  r e p l a c e d   by  T y r  

TNF-14A:   P o l y p e p t i d e   h a v i n g   an  amino   a c i d  

30  s e q u e n c e   of   f o r m u l a   [I]   in  w h i c h   1 4 t h  

Val   was  r e p l a c e d   by  A l a  

T N F - 1 7 T :   p o l y p e p t i d e   h a v i n g   an  amino   a c i d  

s e q u e n c e   of  f o r m u l a   [I]   in  w h i c h   1 7 t h  

Asn  was  r e p l a c e d   by  T h r  
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T N F - 2 4 F :   p o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   I I ]   in   w h i c h   2 4 t h  

Leu  was   r e p l a c e d   by  P h e  

T N F - 2 6 R :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I ]   in   w h i c h   2 6 t h  

T r p   was  r e p l a c e d   by  A r g  

T N F - 3 5 P :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   [ I ]   in   w h i c h   3 5 t h  

Leu  was  r e p l a c e d   by  P r o  

TNF-44D  :  P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [ I ]   in   w h i c h   4 4 t h  

Asn  was  r e p l a c e d   by  A s p  

T N F - 4 5 P :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   I I ]   in  w h i c h   4 5 t h  

Gin  was  r e p l a c e d   by  P r o  

T N F - 5 0 P :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I I   in  w h i c h   5 0 t h  

Se r   was  r e p l a c e d   by  P r o  

T N F - 5 4 C :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I ]   in  w h i c h   5 4 t h  

Tyr   was  r e p l a c e d   by  C y s  

T N F - 5 4 H :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I ]   in  w h i c h   5 4 t h  

Tyr   was  r e p l a c e d   by  H i s  

T N F - 5 8 P :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I ]   in   w h i c h   5 8 t h  

S e r   was  r e p l a c e d   by  P r o  

T N F - 5 9 L :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   [ I ]   in  w h i c h   5 9 t h  

Gin  was  r e p l a c e d   by  L e u  

TNF-60D:   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I ]   in  w h i c h   6 0 t h  

Va l   was  r e p l a c e d   by  A s p  

TNF-60G:   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I ]   in  w h i c h   6 0 t h  

VA1  was  r e p l a c e d   by  G l y  
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T N F - 6 2 S ;   p o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I ]   in   w h i c h   6 2 n d  

Phe  was  r e p l a c e d   by  S e r  

T N F - 9 3 P :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

5  s e q u e n c e   of  f o r m u l a   I I I   in   w h i c h   9 3 r d  

Ser   was  r e p l a c e d   by  P r o  

T N F - 1 2 1 G :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   I I I   in   w h i c h   1 2 1 s t  

Val   was  r e p l a c e d   by  G l y  

0  T N F - 1 2 4 Q :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I I   in   w h i c h   1 2 4 t h  

Leu  was  r e p l a c e d   by  G i n  

T N F - 1 2 8 A :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I I   in   w h i c h  

c  1 2 8 t h   Asp  was  r e p l a c e d   by  A l a  

T N F - 1 2 8 N :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I ]   in   w h i c h   1 2 8 t h  

Asp  was  r e p l a c e d   by  A s n  

T N F - 1 3 5 D :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

J0  s e q u e n c e   of  f o r m u l a   I I I   in   w h i c h   1 3 5 t h  

Asn  was  r e p l a c e d   by  A s p  

T N F - 1 3 8 Y :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   I I ]   in   w h i c h   1 3 8 t h  

Asp  was  r e p l a c e d   by  T y r  

25  T N F - 1 4 8 D :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   I I ]   in   w h i c h   1 4 8 t h  

Va l   was  r e p l a c e d   by  A s p  

T N F - 1 4 8 G :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of   f o r m u l a   I I ]   in   w h i c h   1 4 8 t h  

30  Val   was  r e p l a c e d   by  G l y  

T N F - 1 5 0 L :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

s e q u e n c e   of  f o r m u l a   I I I   in   w h i c h   1 5 0 t h  

Phe  was  r e p l a c e d   by  L e u  

T N F - 1 5 1 E :   P o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d  

35  s e q u e n c e   of  f o r m u l a   I I ]   in   w h i c h   1 5 1 t h  

Gly  was  r e p l a c e d   by  G l u  
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GACCCACGG 

-30  -20   -10   - 1  

CTCCACCCTCTCTCCCCTGGAAAGGACACC 

1  10  20  3 0  

ATGAGCACTGAAAGCATGATCCGGGACGTG 
M e t S e r T h r G l u S e r M e t l l e A r g A s p V a l  

1 0  
40  50  6 0  

GAGCTGGCCGAGGAGGCGCTCCCCAAGAAG 
G l u L e u A l a G l u G l u A l a L e u P r o L y s L y s  

2 0  
70  80  9 0  

ACAGGGGGGCCCCAGGGCTCCAGGCGGTGC 
T h r G l y G l y P r o G l n G l y S e r A r g A r g C y s  

3 0  
100  110  1 2 0  

TTGTTCCTCAGCCTCTTCTCCTTCCTGATC 
L e u P h e L e u S e r L e u P h e S e r P h e L e u I l e  

4 0  
130  140  1 5 0  

GTGGCAGGCGCCACCACGCTCTTCTGCCTG 
V a l A l a G l y A l a T h r T h r L e u P h e C y s L e u  

5 0  
160  170  1 8 0  

CTGCACTTTGGAGTGATCGGCCCCCAGAGG 
L e u H i s P h e G l y V a l l l e G l y P r o G l n A r g  

6 0  
190  200  2 1 0  

GAAGAGTTCCCCAGGGACCTCTCTCTAATC 
G l u G l u P h e P r o A r g A s p L e u S e r L e u I l e  

7 0  
220  230  2 4 0  

AGCCCTCTGGCCCAGGCAGTCAGAJTCATCT 
Se  r P r   o L e u A l a G l n A l   a V a l A r g p e   rSe  r  

8 0  

-  to  be  c o n t i n u e d   -  
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T a b l e   8  ( c o n t i n u e d )  

250  260  2 7 0  
i  •  i 

TCTCGAACCCCGAGTGACAAGCCTGTAGCC 
S e r A r g T h r P r o S e r A s p L y s P r o V a l A l a  

9 0  
280  290  3 0 0  

CATGTTGTAGCAAACCCTCAAGCTGAGGGG 
B i s V a l V a l A l a A s n P r o G l n A l a G l u G l y  

1 0 0  
310  320  3 3 0  

CAGCTCCAGTGGCTGAACCGCCGGGCCAAT 
G l n L e u G l n T r p L e u A s n A r g A r g A l a A s n  

l i o  
340  350  3 6 0  

GCCCTCCTGGCCAATGGCGTGGAGCTGAGA 
A l a L e u L e u A l a A s n G l y V a l G l u L e u A r g  

1 2 0  
370  380  3 9 0  

•  i  • 
GATAACCAGCTGGTGGTGCCATCAGAGGGC 
A s p A s n G l n L e u V a l V a l P r o S e r G l u G l y  

1 3 0  
400  410  4 2 0  

•  i  • 
CTGTACCTCATCTACTCCCAGGTCCTCTTC 
L e u T r y L e u I l e T y r S e r G l n V a l L e u P h e  

1 4 0  
430  440  4 5 0  

i  i  • 
AAGGGCCAAGGCTGCCCCTCCACCCATGTG 
L y s G l y G l n G l y C y s P r o S e r T h r H i s V a l  

1 5 0  
460  470  4 8 0  

CTCCTCACCCACACCATCAGCCGCATCGCC 
L e u L e u T h r H i s T h r l l e S e r A r g l l e A l a  

1 6 0  
490  500  5 1 0  

GTCTCCTACCAGACCAAGGTCAACCTCCTC 
V a l S e r T y r G l n T h r L y s V a l A s n L e u L e u  

1 7 0  

-  to   be  c o n t i n u e d   -  
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T a b l e   8  ( c o n t i n u e d ?  

520  530  5 4 0  

TCTGCCATCAAGAGCCCCTGCCAGAGGGAG 
S e r A l a X l e L y e S e r P r o C y s G l n A r g G l u  

1 8 0  
550  560  5 7 0  

ACCCCAGAGGGGGCTGAGGCCAAGCCCTGG 
T h r P r o G l u G l y A l a G l u A l a L y s P r o T r p  

1 9 0  
580  590  6 0 0  

TATGAGCCCATCTATCTGGGAGGGGTCTTC 
T y r G l u P r o I l e T y r L e u G l y G l y V a l P h e  

2 0 0  
610  620  6 3 0  

CAGCTGGAGAAGGGTGACCGACTCAGCGCT 
G l n L e u G l u L y s G l y A s p A r g L e u S e r A l a  

2 1 0  
640  650  6 6 0  

GAG  ATCAATCGGCCCGACTATCTCGACTTT 
G l u I l e A s n A r g P r o A s p T y r L e u A s p P h e  

2 2 0  
670  680  6 9 0  

GCCGAGTCTGGGCAGGTCTACTTTGGGATC 
A l a G l u S e r G l y G l n V a l T y r P h e G l y l l e  

2 3 0  
,700  710  7 2 0  

ATTGCCCTttTGAGGAGGACGAACATCCAAC 
I l e A l a L e u  

730  7 4 0  

CTTCCCAAACGCCTCCCCTGC 
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? a b l e   9 

I  10  20  JU 

rCATCTTCTCGAACCCCGAGTGACAAGCCT 
S e r S e r S e r A r g T h r P r o S e r A s p L y s P r o  

i  i o  

40  50  6 0  
i  i  « 

GTAGCCCATGTTGTAGCAAACCCTCAAGCT 
y a l A l a H i s V a l V a l A l a A s n P r o G l n A l a  

2 0  
70  80  9 0  
•  e  • 

GAGGGGCAGCTCCAGTGGCTGAACCGCCGG 
G l u G l y G l n L e u G l n T r p L e u A s n A r g A r g  

3 0  
100  110  1 2 0  

i  •  « 
GCCTATGCCCTCCTGGCCAATGGCGTGGAG 
A l a T y r A l a L e u L e u A l a A s n G l y V a l G l u  

4 0  
130  140  1 5 0  

•  i  • 
CTGAGAGATAACCAGCTGGTGGTGCCATCA 
L e u A r g A s p A s n G l n L e u V a l V a l P r o S e r  

5 0  
160  170  1 8 0  

i  i  i 
GAGGGCCTGTACCTCATCTACTCCCAGGTC 
G l u G l y L e u T r y L e u I l e T y r S e r G l n V a l  

6 0  
190  200  2 1 0  

•  •  • 
CTCTTCAAGGGCCAAGGCTGCCCCTCCACC 
L e u P h e L y s G l y G l n G l y C y s P r o S e r T h r  

7 0  
220  230  2 4 0  

i  •  « 
CATGTGCTCCTCACCCACACCATCAGCCGC 
H i s V a l L e u L e u T h r H i s T h c I l e S e r A r g  

8 0  
250  260  2 7 0  

•  i  • 
ATCGCCGTCTCCTACCAGACCAAGGTCAAC 
I l e A l a V a l S e r T y r G l n T h r L y s V a l A s n  

9 0  

-  to   be  c o n t i n u e d   -  
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T a b l e   9  ( c o n t i n u e d )  

280  290  3 0 0  

CTCCTCTCTGCCATCAAGAGCCCCTGCCAG 
L e u L e u S e r A l a l l e L y s S e r P r o C y s G l n  

1 0 0  
310  320  3 3 0  

AGGGAGACCCCAGAGGGGGCTGAGGCCAAG 
A r g G l u T h r P r o G l u G l y A l a G l u A l a L y s  

i i o  
340  350  3 6 0  

CCCTGGTATGAGCCCATCTATCTGGGAGGG 
P r o T r p T y r G l u P r o I l e T y r L e u G l y G l y  

1 2 0  
370  380  3 9 0  

GTCTTCCAGCTGGAGAAGGGTGACCGACTC 
V a l P h e G l n L e u G l u L y s G l y A s p A r g L e u  

1 3 0  
400  410  4 2 0  

AGCGCTGAGATCAATCGGCCCGACTATCTC 
S e r A l a G l u I l e A s n A r g P r o A s p T y r L e u  

1 4 0  
430  440  4 5 0  

GACTTTGCCGAGTCTGGGCAGGTCTACTTT 
A s p P h e A l a G l u S e r G l y G l n V a l T y r P h e  

1 5 0  
4 6 0  

GGGATCATTGCCCTGTGA 
G l y l l e l l e A l a L e u * * *  

1 5 5  



D  U  -  
a b l e   1 0  

J.U  J "  
I  *  ' 

ZATCTTCTCGAACCCCGAGTGACAAGCCT 
e r S e r S e r A r g T h r P r o S e r A s p L y s P r o  
i  i o  

40  50  6 0  
i  »  » 

TAGCCCATGTTGTAGCAAACCCTCAAGCT 
a l A l a H i s V a l V a l A l a A s n P r o G l n A l a  

2 0  
70  80  90  
i  •  • 

AGGGGCAGCTCCAGTGGCTGAACCGCCGG 
l u G l y G l n L e u G l n T r p L e u A s n A r g A r g  

3 0  
100  HO  1 2 0  

i  •  » 
ICCTATGCCCTCCTGGCCAATGGCGTGGAG 
J a T y r A l a L e u L e u A l a A s n G l y V a l G l u  

4 0  
130  140  1 5 0  

i  •  • 
: t g a g a g a t a a c c a g c t g g t g g t g c c a t c a  
. e u A r g A s p A s n G l n L e u V a l V a l P r o S e r  

5 0  
160  170  1 8 0  

i  i  « 
JAGGGCCTGTACCTCATCTACTCCCAGGTC 
S l u G l y L e u T r y L e u I l e T y r S e r G l n V a l  

6 0  
190  200  2 1 0  

i  i  • 
ZTCTTCAAGGGCCAAGGCTGCCCCTCCACC 
j e u P h e L y s G l y G l n G l y C y s P r o S e r T h r  

7 0  
220  230  2 4 0  

i  t  i 
: a t g t g c t c c t c a c c c a c a c c a t c a g c c g c  
a i s V a l L e u L e u T h r H i s T h r l l e S e r A r g  

8 0  
250  260  2 7 0  

i  i  » 
ATCGCCGTCTCCTACCAGACCAAGGTCAAC 
I l e A l a V a l S e r T y   r G l n T h r L y s V a l A s n  

9 0  
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T a b l e   10  ( c o n t i n u e d )  

280  290  3 0 0  

CTCCTCTCTGCCATCAAGAGCCCCTGCCAG 
L e u L e u S e r A l a l l e L y s S e r P r o C y B G l n  

1 0 0  
310  320  3 3 0  

AGGGAGACCCCAGAGGGGGCTGAGGCCAAG 
A r g G l u T h r P r o G l u G l y A l a G l u A l a L y s  

1 1 0  
340  350  3 6 0  

*  •  i 
CCCTGGTATG  AGCTCATCT  ATCTGGGAG  GG 
P r o T r p T y r G l u L e u I l e T y r L e u G l y G l y  

1 2 0  
370  380  3 9 0  

GTCTTCCAGCTGGAGAAGGGTGACCGACTC 
V a l P h e G l n L e u G l u L y s G l y A s p A r g L e u  

1 3 0  
400  410  4 2 0  

AGCGCTGAGATCAATCGGCCCGACTATCTC 
S e r A l a G l u I l e A s n A r g P r o A s p T y r L e u  

1 4 0  
430  440  4 5 0  

GACTTTGCCGAGTCTGGGCAGGTCTACTTT 
A s p P h e A l a G l u S e r G l y G l n V a l T y r P h e  

1 5 0  
4 6 0  

GGGATCATTGCCCTGTGA 
G l y l l e l l e A l a L e u * * *  

1 5 5  
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tfhat  i s   c l a i m e d   i s :  

L.  A  p o l y p e p t i d e   h a v i n g   an  a m i n o   a c i d   s e q u e n c e  

r e p r e s e n t e d   by  f o r m u l a   [ I I   b e l o w   in  w h i c h   a t   l e a s t   one   o f  

:he  1 6 t h ,   3 1 s t   to   3 4 t h ,   3 6 t h ,   4 8 t h ,   7 3 r d ,   8 2 n d ,   8 5 t h ,  

3 9 t h ,   9 4 t h ,   9 7 t h ,   9 8 t h ,   1 0 3 r d ,   1 1 3 t h ,   1 1 5 t h ,   1 1 7 t h ,   1 1 8 t h ,  

L 3 1 s t ,   1 3 2 n d ,   1 4 1 s t   to   1 4 6 t h ,   and  1 5 3 r d   a m i n o   a c i d   r e -  

s i d u e s   i s   r e p l a c e d   by  a n o t h e r   a m i n o   a c i d   r e s i d u e ,   w i t h   t h e  

p r o v i s o   t h a t   when  t h e   1 1 5 t h   a m i n o   a c i d   r e s i d u e   i s   r e p l a c e d  

3y  a n o t h e r   a m i n o   a c i d   r e s i d u e ,   t h e   6 7 t h   a m i n o   a c i d   r e s i d u e  

a n d / o r   t h e   9 9 t h   a m i n o   a c i d   r e s i d u e   may  be  r e p l a c e d   b y  

a n o t h e r   a m i n o   a c i d   r e s i d u e ;   or  a  p o l y p e p t i d e   r e s u l t i n g  

Erom  d e l e t i o n   of   one   or   a t   m o s t   8  s u c c e s s i v e   a m i n o   a c i d  

r e s i d u e s   f r o m   t h e   N - t e r m i n u s   of   s a i d   p o l y p e p t i d e :  

Ser   S e r   S e r   Arg  Thr   P r o   S e r   Asp  Lys   p r o  

Val  A l a   H i s   Va l   Val   A la   Asn  P r o   Gin  A l a  

Glu  G ly   G in   Leu  Gin  T r p   Leu  Asn  Arg  A r g  

Ala  Asn  A l a   Leu  Leu  A la   Asn  G ly   Va l   G l u  

Leu  Arg  Asp  Asn  Gin   Leu  V a l   Va l   P r o   S e r  

Glu  Gly  Leu  Tyr   Leu  H e   Tyr   S e r   Gin   V a l  

Leu  Phe  Lys  Gly  Gin  Gly   Cys  P r o   S e r   T h r  

His   Va l   Leu  Leu  Thr   H i s   Thr   H e   Se r   A r g  

H e   A l a   V a l   Se r   Tyr   Gin   Thr   Lys   Va l   A s n  

Leu  Leu  S e r   A la   H e   Lys  S e r   P r o   Cys  G i n  

Arg  Glu   Th r   P ro   Glu  Gly  A l a   Glu  A l a   L y s  

P ro   T r p   Tyr   Glu  P ro   H e   Tyr   Leu  Gly  G l y  

Va l   Phe   G in   Leu  Glu  Lys  Gly   Asp  Arg  L e u  

S e r   A l a   Glu   H e   Asn  Arg  P ro   Asp  Tyr   L e u  

Asp  Phe  A l a   Glu  Se r   Gly   Gin  V a l   Tyr   P h e  

Gly  H e   H e   A la   Leu  . . .   [ 11  

2.  A  p o l y p e p t i d e   a c c o r d i n g   to   c l a i m   1  w n e r e m  

(A)  a t   l e a s t   one  of  t h e   f o l l o w i n g   r e p l a c e m e n t s   o f  

a m i n o   a c i d s   i n   t h e   a m i n o   a c i d   s e q u e n c e   o f   f o r m u l a   [ I ]   i s  

e f f e c t e d :  

1 6 t h   A la   by  V a l ,  

3 1 s t   A l a   by  T h r ,  

32nd   Asn  by  A l a ,   Cys ,   Asp ,   H i s ,   H e ,   A r g ,   S e r ,  

T h r ,   Val   or  T y r  
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3 4 t h   Leu  by  H e ,  

3 6 t h   Ala   by  V a l ,  

4 8 t h   Val   by  M e t ,  

7 3 r d   Leu  by  P r o ,  

82nd  Ala   by  A s p ,  

8 5 t h   Tyr  by  H i s ,  

8 9 t h   Val  by  H e ,  

9 4 t h   Ala   by  T h r ,  

9 7 t h   Ser   by  A s n ,  

9 8 t h   Pro   by  His   or  L e u ,  

1 0 3 r d   Thr   by  P r o ,  

1 1 3 t h   Tyr   by  C y s ,  

1 1 5 t h   Pro   by  Leu ,   H i s ,   G i n ,   S e r ,   A l a ,   Phe ,   A s n ,  

G l y ,   T y r ,   V a l ,   G l u ,   Met ,   H e ,   Asp,   T r p ,  

L y s ,   A r g ,   or   T h r ,  

1 1 7 t h   Tyr   by  H i s ,  

1 1 8 t h   Leu  by  G i n ,  

1 3 1 s t   Se r   by  H e ,  

132nd   Ala   by  T h r ,  

1 4 1 s t   Asp  by  T y r ,  

1 4 3 r d   Ala   by  V a l ,  

1 4 4 t h   Glu  by  L y s ,  

1 4 5 t h   Ser   by  C y s ,  

1 4 6 t h   Gly  by  G l u ,   a n d  

1 5 3 r d   H e   by  L e u ;  

(B)  6 7 t h   Cys  a n d / o r   9 9 t h   Cys  a r e   r e p l a c e d  

by  Se r   and  1 1 5 t h   Pro   i s   r e p l a c e d   by  an  a m i n o   a c i d   o t h e r  

t h a n   Pro   in  an  a m i n o   a c i d   s e q u e n c e   r e p r e s e n t e d   by  f o r m u l a  

( I I ;   o r  

(C)  t h e   p o l y p e p t i d e   (A)  or  (B)  in  w h i c h   one   o r  

a t   mos t   8  s u c c e s s i v e   a m i n o   a c i d   r e s i d u e s   f rom  t h e   l i -  

te   r m i n u s   i s   d e l e t e d ;  

3.  A  p o l y p e p t i d e   a c c o r d i n g   t o   c l a i m   1  w h e r e i n   i n  

t h e   a m i n o   a c i d   s e q u e n c e   r e p r e s e n t e d   by  f o r m u l a   [ I ] ,   a t  

l e a s t   one  of  t h e   f o l l o w i n g   r e p l a c e m e n t s   of  amino   a c i d s   i s  

e f f e c t e d :  
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1 6 t h   A l a   by  V a l ,  

3 6 t h   A la   by  V a l ,  

7 3 r d   Leu  by  P r o ,  

9 8 t h   P ro   by  His   or  L e u ,  

1 0 3 r d   Thr   by  P r o ,  

1 1 5 t h   P ro   by  H i s   or   G i n ,  

1 3 1 s t   S e r   by  H e ,   a n d  

1 4 3 r d   A l a   by  V a l .  

4.  A  p o l y p e p t i d e   a c c o r d i n g   t o   c l a i m   1  w h e r e i n   i n  

bhe  a m i n o   a c i d   s e q u e n c e   of   f o r m u l a   I I I ,   a t   l e a s t   one  o f  

the   f o l l o w i n g   r e p l a c e m e n t s   of   a m i n o   a c i d s   i s   e f f e c t e d :  

3 1 s t   A l a   by  T h r ,  

32nd  Asn  by  A l a ,   Cys ,   Asp ,   H i s ,   H e ,   Arg ,   S e r ,  

T h r ,   Val   or   T y r ,  

1 1 5 t h   P ro   by  S e r ,   A l a ,   P h e ,   Asn ,   T h r ,   G ly ,   T y r ,  

V a l ,   G l u ,   Me t ,   H e ,   A s p ,   T r p ,   Leu  or  L y s ,  

a n d  

1 1 7 t h   Tyr   by  H i s .  

5.  A  p o l y p e p t i d e   a c c o r d i n g   t o   c l a i m   1  w h e r e i n   i n  

t h e   a m i n o   a c i d   s e q u e n c e   of  f o r m u l a   [ I ] ,   a t   l e a s t   one  o f  

t h e   f o l l o w i n g   r e p l a c e m e n t s   of  a m i n o   a c i d s   i s   e f f e c t e d :  

32nd  Asn  by  T y r ,   H i s ,   Asp  o r   S e r ,  

1 1 5 t h   P ro   by  L e u ,   S e r ,   Asp  o r   G l y ,   a n d  

1 1 7 t h   Tyr   by  H i s .  

6.  A  p o l y p e p t i d e   a c c o r d i n g   t o   c l a i m   1  w h e r e i n   i n  

t h e   a m i n o   a c i d   s e q u e n c e   of   f o r m u l a   [ I ]   ,  32nd  Asn  or  1 1 5 t h  

P r o ,   or  b o t h ,   a r e   r e p l a c e d   by  o t h e r   a m i n o   a c i d s .  

7.  a  p o l y p e p t i d e   a c c o r d i n g   t o   c l a i m   1  w h e r e i n   i n  

t h e   a m i n o   a c i d   s e q u e n c e   o f   f o r m u l a   [ I ]   ,  32nd   Asn  i s   r e -  

p l a c e d   by  T y r .  

8.  A  p o l y p e p t i d e   o f   c l a i m   1  w h e r e i n   in   t h e   a m i n o  

a c i d   s e q u e n c e   of  f o r m u l a   [ I ] ,   1 1 5 t h   P r o   i s   r e p l a c e d   b y  

L e u .  

9.  A  p o l y p e p t i d e   of   any  one  of   c l a i m s   1  to  8 

w h e r e i n   Met  i s   j o i n e d   t o   t h e   N - t e r m i n u s   of  t he   amino  a c i d  

s e q u e n c e .  
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10.   A  DNA  h a v i n g   a  b a s e   s e q u e n c e   e n c o d i n g   a  p o l y -  

p e p t i d e   a c c o r d i n g   t o   any  one  of  c l a i m s   1  to   9 .  
11*  A  DNA  h a v i n g   a  b a s e   s e q u e n c e   r e p r e s e n t e d   by  t h e  

f o l l o w i n g   f o r m u l a   IA1  in  w h i c h   32nd  c o d o n   AAT  a n d / o r   1 1 5 t h  

c o d o n   CCC  a r e   r e p l a c e d   by  c o d o n s   e n c o d i n g   o t h e r   a m i n o  
a c i d s :  

( 5 ' )   TCA  TCT  TCT  CGA  ACC  CCG  AGT  GAC  AAG 
CCT  GTA  GCC  CAT  GTT  GTA  GCA  AAC  CCT  CAA 
GCT  GAG  GGG  CAG  CTC  CAG  TGG  CTG  AAC  CGC 

CGG  GCC  AAT  GCC  CTC  CTG  GCC  AAT  GGC  GTG 

GAG  CTG  AGA  GAT  AAC  CAG  CTG  GTG  GTG  CCA 

TCA  GAG  GGC  CTG  TAC  CTC  ATC  TAC  TCC  CAG 

GTC  CTC  TTC  AAG  GGC  CAA  GGC  TGC  CCC  TCC 

ACC  CAT  GTG  CTC  CTC  ACC  CAC  ACC  ATC  AGC 

CGC  ATC  GCC  GTC  TCC  TAC  CAG  ACC  AAG  GTC 

AAC  CTC  CTC  TCT  GCC  ATC  AAG  AGC  CCC  TGC 

CAG  AGG  GAG  ACC  CCA  GAG  GGG  GCT  GAG  GCC 

AAG  CCC  TGG  TAT  GAG  CCC  ATC  TAT  CTG  GGA 

GGG  GTC  TTC  CAG  CTG  GAG  AAG  GGT  GAC  CGA 
CTC  AGC  GCT  GAG  ATC  AAT  CGG  CCC  GAC  TAT 

CTC  GAC  TTT  GCC  GAG  TCT  GGG  CAG  GTC  TAC 

TTT  GGG  ATC  ATT  GCC  C T G - O 1 )   . . .   [A]  

12.  A  DNA  a c c o r d i n g   to   c l a i m   11  w h e r e i n   in   t h e   b a s e  

s e q u e n c e   of   f o r m u l a   lA]  ,  32nd  c o d o n   AAT  i s   r e p l a c e d   by  a  
codon  e n c o d i n g   a n o t h e r   amino   a c i d .  

13.  A  DNA  a c c o r d i n g   to   c l a i m   11  w h e r e i n   in   t h e   b a s e  

s e q u e n c e   of   f o r m u l a   [A]  ,  1 1 5 t h   c o d o n   CCC  i s   r e p l a c e d   by  a  
sodon   e n c o d i n g   a n o t h e r   a m i n o   a c i d .  

U .   A  DNA  a c c o r d i n g   to   c l a i m   12  w h e r e i n   t h e   c o d o n  

e n c o d i n g   t h e   o t h e r   a m i n o   a c i d   i s   TAT  e n c o d i n g   T y r .  
15.  A  DNA  a c c o r d i n g   to   c l a i m   13  w h e r e i n   t h e   c o d o n  

e n c o d i n g   t h e   o t h e r   a m i n o   a c i d   i s   CTC  e n c o d i n g   L e u .  

L6.  A  DNA  a c c o r d i n g   to   any  one  of  c l a i m s   10  to   1 5  

w h e r e i n   a  t r a n s l a t i o n   i n i t i a t i o n   c o d o n   i s   j o i n e d   to   t h e  
5'  - t e r m i n u s   of   t h e   b a s e   s e q u e n c e ,   a n d / o r   a  t e r m i n a t i o n  

sodon  i s   j o i n e d   to   t h e   3 ' - t e r m i n u s   of  t h e   b a s e   s e q u e n c e .  
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L7.  A  v e c t o r   h a v i n g   i n s e r t e d   t h e r e i n t o   a  DNA  a c c o r d -  

ing  to   any  one  of   c l a i m s   10  to   1 6 .  

L8.  A  v e c t o r   r e s u l t i n g   f r o m   i n s e r t i o n   of  a  DNA 

a c c o r d i n g   to   any  one  of   c l a i m s   10  to   16  i n t o   an  e x p r e s s i o n  

r e c t o r .  

L9„  A  h o s t   t r a n s f o r m e d   w i t h   t h e   v e c t o r   of   c l a i m   1 7  

5r  1 8 .  

20.  The  h o s t   a c c o r d i n g   t o   c l a i m   19  w h i c h   i s   a  m i c r o -  

o r g a n i s m .  

21.  The  h o s t   a c c o r d i n g   t o   19  or  20  w h i c h   i s  

E s c h e r i c h i a   c o l i .  

22.  A  m e t h o d   o f   p r o d u c i n g   a  p o l y p e p t i d e   a c c o r d i n g   t o  

any  one  of  c l a i m s   1  to   9  w h i c h   c o m p r i s e s   c u l t u r i n g   t h e  

h o s t   of  any  one  of   c l a i m s   19  to   2 0 ,   and   i s o l a t i n g   t h e  

r e s u l t i n g   p o l y p e p t i d e   f r o m   t h e   c u l t u r e .  

23.  A  p h a r m a c e u t i c a l   c o m p o s i t i o n   c o m p r i s i n g   a  p o l y -  

p e p t i d e   a c c o r d i n g   t o   any   one   of   c l a i m s   1  to   9  or  i t s   s a l t .  
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